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©. G. ABBOT 
FOR THE YEAR ENDED JUNE 30, 1044 


To the Board of Regents of the Smithsonian Inatitution. 


Gextzemex: Ihave the honor to submit herewith my report show- 
ing the activities and condition of the Smithsonian Institution and the 
Government bureaus under its administrative charge during the fisent 
year ended June 80, 1944. ‘The first: 12 pages contain summary no- 
count of the affairs of the Institution; it will again be noted that many 
activities usually included in this section are missing, wartime eon= 
ditions having foreed their suspension, Appendixes 1 to 10 give more 
detailed reports of the operations of the National Muscum, the Na- 
tional Gallery of Art, the National Collection of Fine Arts, the 
Freer Gallery of Art, the Buren of American Ethnology, the Tnter- 
national Exchanges, the National Zoological Park, the Astrophysical 
Obsorvatory, which now includes the divisions of astrophysical re- 
search and of radiation and organisms, the Smithsonian library, and of 
the publications issued under tho direction of the Institution, On 
page 110 is the financial report of the executive committee of the Board 
of Regents, 

Chango in the Seoretaryship—This will be my Inst report, as on 
Tune 20, 1944, I addressed the following communication to the Board 
of Regents: 

‘Having occuplod the post of Beerotary of the Smithsonian Inutitutlon wince 
February 1028, and of Acting Secretary for one yenr prior to that, and having 
nssad the age of 72 yours, T wish to resign from that afflee, my resignation to tks 
effect as of July 1, 104. 

T feel that it would be quite unfalr to the Institution to continue tn this re 
‘pinaibie position when in the nature of things my capacity runt graduntty begla 
to decline, In tendering my resignation, I wish to express my gratitude to the 
Board for ttn kindly and helpful attitude, and my desire to be of any service 
‘which the Board or my succowor may feel disposed to suns. 

Accordingly on July 1, 1944, I ceased to be Secretary of the Tn- 
stitution, and Dr. Alexander Wetmore, Assistant Secretary, took over 
the duties of the position as Acting Secretary. I wish to record here 
publicly my appreciation of the unfailing helpfulness and sxpper 
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accorded to me by the staff of the Institution, and to bespeak for my 
successor and for the Institution their continued loyalty and devoted 
‘service. 

WARTIME ACTIVITIES OF THE INSTITUTION 


During another full year of war, the Institution again utilized its 
capabilities to the fullest extent in aiding the Army and Navy and the 
various war agencies. Its normal peacetime research and exploration 
program was largely abandoned except for those projects designed 
to promote better cultural relations with the other American re- 
publics, and its publications were restricted almost entirely to papers 
inving a bearing on the war or on the other Americas. ‘To visitors 
tothe Institution, these ehanges would not be apparent, as its visible 
features—museums and art galleries—huve continued to operate on 
full schedule, Tn fact, hours of opening have been expanded to in- 
clude Sundays for the benefit of the large numbers of service per- 
sonnel stationed around Washington and passing through, But the 
time of the staff—aside from necessury curatorial work and the 
recording of observations the cessation of which would result in gaps 
in the scientific record—has been devoted largely to furnishing tech- 
nieul information and assistance urgently needed by Army, Navy, 
and war agencies. 

Strategic information to Army and Navy. —The scientific staff of 
tho Institution and its branches includes specialists in many branches 
of biology, geology, anthropology, astrophysics, engineering, and 
technology, and these scientists have been called upon constantly since 
Pearl Harbor to answer questions confronting Army and Navy 
officials. The present war, covering as it does widely scattered 
regions of the earth, many of thei little known to Americans, lint 
required the assembling of large amounts of data on the peoples, 
geography, disease-harboring insects, animals and plants, and other 
features of these far-flung regions. ‘The Smithsonian Institution hms 
been able to furnish, both directly and through the Ethnogeographic 
Board, described below, replies to hundreds of urgent questions of this 
nature, and some staff members have been in almost constant con- 
sultation with Army and Navy offcials. Furthermore, a number of 
war-connected research projects have been assigned to the Institution, 
and its Inboratory facilities have been utilized from time to time for 
Army and Navy investigations. 

Ethnogeographio Board.—As stated in my last report, the Ethno- 
geographic Boal is a nongovernmental agency, set up jointly by 
the Smithsonian Institution, the National Research’ Council, the 
American Council of Learned Societies, and the Socinl Science Re- 
search Council, to serve as a clearinghouse between the Army, Navy, 
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and war agencies on the one hand, and the scientific and educational 
institutions of the Nation on the other. Muny urgent reports and 
items of strategic information have been furnished by the Board prin- 
cipally on the peoples, geography, and related features of war areas. 
‘The offices of the Board are in the Smithsonian building, and three 
members of the Institution’s staif were assigned to assist the Director, 
‘Dr. Willian Duncan Strong, The Army and Navy found the ser- 
vices of thie Board so riseful that each appointed liaison officers to 
facilitate contact. ‘The Board plans to continue in operation us long 
as needed during the coming fiseal year. 

Inter-American Cooperation —Through invitation by other agen 
cies and throngh its own initiative, the Institution engaged in & 
number of activities designed to promote better cultural relations with 
the other American republics. Work on the monumental Handboole 
cof South Amorican Indians, under the editorship of Dr. Julian H. 
Steward, was ndvanced matefially. Volume 1, “The Marginal 
Tribes,” and volume 2, “The Andean Civilizations,” went to the 
printer toward the close of the fiseal year, and the manuscripts of 
volumes 8 and 4-were well on toward completion. The editorial work 
on this project is financed by the State Department, and the printing 
costs will be borne by the Bureau of American. Ethnology, Smithsonian 
Institution, as the Handbook will appear in the Bureau's Bulletin 
series. 

In September 1043 Dr. Steward was appointed Director of the 
Institute of Social Anthropology, an autonomous tnit of the Bureau 
‘of American Ethnology reporting to the Secretary, created to carry 
out cooperative training in anthropological teaching and research 
‘with the other American republics as part of the program of the 
Interdepartmental Comumittes for Cooperation with the American 
Republics, The work of the Institute in Mexi¢o was begun in e0- 
‘operation with the Esrucla Nacional de Antropologis of the Instituto 
Nacional do Antropologia e Historia, und plang were pending for 
work in several other American republics. Dr. Steward also served 
‘on the Temporary Organizing Committeo of the Inter-American 
Society of Anthropology and Geography, which had been started on 
his initiative during the previous year. Dr, Ralph L. Beals served. 
ns secretary of the committee and ‘editor of the quarterly journal of 
the Society, Acta Americana. Pail membership in the Society from 
all parts of the Americas reached a total of 800. 

‘A valuable biological project is tho publication by the Institution 
ofa “Checklist of the Coleopterous Insects of Mexico, Central America, 
the West Indies, and South America,” by Dr. R, E. Blackwelder, 
No list of this important insect group now exists, and entomologists of 
all the Americas will find it indispensable in future researches. ‘The 
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first and second parts appeared in print during the year, and the 
third part was in press. 

A number of scientists on the Institution’s staff made trips to other 
American republics during the year in the fartherance of cooperative 
scientific projects in biology, geology, and anthropology. 

Other wartime activitica—As stated above, for the benefit of mili- 
tary and naval personnel and war workers the Smithsonian and 
National Museum buildings have again been kept open all day on Sun- 
days. To accomplish this with available funds, it was necessary to 
have the buildings closed on Monday mornings. Sunday Musewn 
tours for service personnel were arranged in the Natural History 
building through cooperation with the U.S, Q. A Field Collector's 
Manual in Natural History was published and distributed free on 
request to Army and Navy personnel. One thousand copies each were 
turned over to the Army and Navy for distribution through their own 
channels, 

War Committee —The Smithsonian War Committee appointed early. 
in 1941, after canvassing fully all the possibilities of increasing the 
Institution's usefulness in the war and embodying the results of this 
study in recommendation for action, felt that its function was fulfilled 
and asked that it be dissolved. In assenting to tho dissolution of the 
committee, I wrote to the chairman, C, W. Mitman, as follows: 

T beg to express, for myself und on tehsif of the Institution, a deep sense of 
the vlue of the work of the committee in these several years, and the feeling 
‘that those of |ts recommendations which have been earried through cannot but 
ave been very helpful to the war effort, 





SUMMARY OF THE YEAR'S ACTIVITIPS OF ‘THE BRANCHES OF THE 
INSTITUTION 


National Museum.—Aguin this year the time of the geientific staff 
has been largely occupied with conferences on war problems with 
‘Army, Navy, and war agency officials and with furnishing technical 
information on requests to military and naval organizations, ‘The 
“Museum buildings have again been kept open all day on Sundays for 
the bonefit of servieo personnel, and Sunday Musou tours were ar- 
ranged for them in cooperation with the U, S. 0. Now necessions 
for the year totaled 239,040 specimens, un increase of more than 
9,000 over last year. Among the outstanding udditions to the col- 
lections were the following: In anthropology, an important lot of 
material from Indian sites on DeSoto's route through the south- 
eastern United States in 159942, a collection pertaining to the Huichal 
Indians of northern Jalisco, Mexico, and an assemblage of Moro and 
Indonesian brasses and Philippine metalwork presented to the Tafts 
during their residence in the Philippines; in biology, 2.000 mammal 
spechnens from Colombia collected by Philip Hershkovitz, » bird 





REPORT OF THE SECRETARY 5 


collection from the same country numbering 3,981 specimens, more 
than 10,000 mosquito specimens from the sanitary and medical corps 
of the armed forces, a molluscan collection of 1,000 Jamaican Neri- 
tidae, the valuable Chickering herbarium of 10,550 plant specimens, 
and the Albert Mann diatom collection, which with the other material 
on hand in this field makes the Museum diatom collection one of the 
most important in the world; in geology, 2 number of important gems 
and minerals obtained through the Roebling, Chamberlain, and Can- 
field funds, 7 new meteorites, 6 of them undescribed falls, and 500 
specimens of rare Paleozoic fossils collected by the curator during field 
work.in Mexico; in engineering, a jeep, the prototype of these vehicles 
made famous by World War IL, and a Winton automobile of 1903, the 
first automobile to be driven across the United States; in history, 
number of Army and Navy medals and decorations of types estab- 
lished during the present war, The few expeditions that were in the 
field during the year were related directly or indirectly to the war. 
Visitors for the year numbered 1,032,765, an increase of 177496 over 
Inst year; approximately 40 percent. were servieo personnel. ‘The 
‘Museum published an Annual Report,3 Bulletins, 1 Contribution from 
the National Herbarium, and 14 Proceedings papers. Staif changes 
included the toss by death of the curator of invertebrate paleontology, 
Dr. Chirls E. Reser; Dr, G. Arthur Cooper was appointed curator 
to seceed him, 

Nationab Gallery of Art—Visitors to the Gallery totaled 2,000,071 
for the year, the largest attendance since its opening. ‘Thirty percent 
‘of the visitors were men and women in the armed services. Features 
of particular interest to service personnel were the Sorvicemen’s 
Room, which provides » place of relaxation for them, the Sunday 
‘evening concerts, and the special exhibitions. ‘The Board of Trustees 
was directed by the Treasury Department to assume custoilianship of 
all works of art and exhibition material sent to this country for various 
exhibitions by the former French Government, and several officers 
of the Gallery were appointed to serve as officers of the American Com- 
mission for the Protection and Salvage of Artistic and Historie Mon: 
uments in War Areas, the headquarters of which are located in the 
Gallery building. In’ March 1944, nt the request of the State De- 
partment, the Gallery established the Inter-American Office to act 
‘as tho official Government clearinghouse for the exchange of informa- 
tion concerning:art activites in the American republics. The Gallery 
accepted a number of gifts of paintings, prints, and drawings, in- 
eluding & paintings and 196 prints and drawings from Lessing J. 
Rosenwald. Among the 13 special exhibitions held during the year 
were a number relating to war subjects. More than 72,000 people 
futtended the various programs conducted by the Gallery's educational 
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department; these included Gallery tours, discussions of the “Picture 
of the Week,” and lectures on special topics. 

National Collection of Fina Arte—The annual meeting of the 
Smithsonian Art Commission was again omitted because of war con- 
ditions. Tho Commission lost one momber by denth—Dr. Frederick P- 
Koppel, a member since 1932, Four miniatures were acquired through 
tho Catherine Walden Myer fund, Several proffered gifts of art 
works are being held for action of the Art Commission at its next 
meeting. A number of paintings and other art works have been ace 
cepted by the National Collection ns loans; other paintings and 
miniatures belonging to the Collection have been lent to museums and 
fart gulleries, mostly for special exhibitions. Only one painting was 
purchased from the Henry Ward Ranger fund, “Fifteenth Century 
French Madonna ond Child,” by Harry W. Watrous. Eight special 
exhibitions were held during the year, as follows: Oil paintings and 
other art works by Ceferino Puleneia, of Mexico; water colors of 
Mexico by Walter B, Swan, of Omaha, Nebr.; miniatures by 92 artists 
of the Pennsylvania Society of Miniature Painters; water colors and 
look prints by Ralph H. Avery, United States Navy; paintings by 
John Mix Stanley, Jane C. Stanloy, and Alice Stanley Acheson ; paint- 
ings and other art works by the National League of American Pen 
Women; “Portraits of Leading American Negro Citizens,” by Mrs. 
Laura Wheeler Waring, of Philadelphia, and Mrs. Betsy Graves 
Reyneau, of Washington; and mural paintings from the caves of 
India and other paintings of India by Sarkis Katchadourian, of New 
York City. 

Freee Gallery of Art-—Sdditions to the collections included Chinese 
bronzes, ceramics, jade, and painting Japanese lacquer and painting; 
and one Armenian manuscript. Much of the time of the staff was de- 
voted to war work for several Government agencies, including Jap- 
‘aness translations, compilation of a glossary of Chinese geographical 
and topograhpical terms, and the examination of Japanese docusnents. 
‘The Director attended » mecting in New York of the Committee of 
the Amorican Council of Learned Societies on Protection of Cultural 
"Treasures in War Areas. Visitors to the Gallery totaled 62,462 for 
the year. Fifteen groups received instruction by staff mem 

Bureau of Ameriwn Ethnology. —Emphasis on activities concerned 
with Latin America hus continued daring the year. Dr. MW. 
Stirling, Chief of the Bureay, directed the Sixth National Geographic 
Society-Smithsonian Institution expedition to Mexico, locating ser- 
eral new archeological sites in southern Veracruz, Tabasco, and 
Campeche, Dr. J. R, Swanton read the proof of his extensive work 
on “The Indians of the Southeastern United States,” and completed 
manuscript on the much discussed Norse expeditions to America. 
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‘Dr. Swanton retired at the end of the year after 44 years of service. 
‘In continuation of his studies of Indian languages, Dr, J. P. Harring- 
ton discovered evidence that the two South American languages 
Quechua and Aymara are related to the Hokan of western North 
‘America, the first time w linguistic relationship between North and 
South America has been indicated. Dr, F. H. H. Roberts, Jr., 
vestigated a prehistoric Indinn burial near Abilene, Tex., his studies 
indicating thet the burial was'made nbout 10,000 years ago. Dr. 
Roberts also assembled and edited 4 manual, “Survival on Land and 
Sea,” which was prepared for the Navy by the Ethnogeographic 
Bourd and the staff of the Smithsonian Institution, Dr. J. Hy 
Steward continued work on the Handbook of South American Tndians. 
‘He was appointed Director of the Institute of Social Anthropology, 
hn autonomous unit of the Bureau reporting to the Secretary, on 
September 1, 1943, Dr. Alfred Métrausx, of the Bureau staff, was ap- 
pointed Assistant Director of the above Institute on September 18, 
1913. Dr. H. B. Collins, Jr. served as Assistant Director of the 
Ethnogeographie Board, conducting researches connected with 
regional and other information requested by the Army, Navy, and 
war agencies. Dr. W. N, Fenton served as research associnte of the 
Board and participated in a survey of area and language teaching 
in the Army Specialized Training Program und the Civil Affairs 
‘Training Schools in American universities and colleges. Dr, H. G. 
Barnett, who joined the Bureau staff in December 1943, served as 
exeontive secretary of a committee formed under the sponsorship of 
the Ethnogeographic Board for the purpose of assembling dats upon 
the existing state of our scientific knowledge of the Pacific island area. 
‘Miss Frances Densmore, a collaborator of the Bureau completed « 
manuseript on “Omaha Music.” ‘The Bureau published its Annual 
Report and six Bulletins during the year. 

International. Exchanger—The International Exchange Service 
‘acts as the official agency of the United States Government for the 
interchange of governmental and scientific publications between this 
country and all other countries, ‘The total number of packages of 
‘such material handled during the fiseal year was 407,764, weighing 
243,180 pounds. Shipments to foreign countries continued to be 
greatly curtailed by war conditions, All countries in the Western 
Hemisphore received shipmonts as usual, but in the Eastern Hemi- 
epliete, the only countries to which shipments could be made were 
Great Britain and Northern Ireland, Portugal, the U.S. 8, R., Union 
of South Africa, India, Australia, and New Zealand. In normal 
times 98 sets of United States official publications are sent: abroad 
through the Exchange Service. At present, however, only 58 sets 
‘can bo sont, the other 26 sets being held until after the war. 
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National Zoological Park.—In spite of expected difficulties in 
obtaining food and supplies and those resulting from manpower 
shortages, the Park and the animal collection were maintained in good 
condition and continued to be used and appreciated by large numbors 
of visitors, ‘The total for the year reached 1,803,532, including a large 
proportion of service personel. Many requests for information on 
biological problems were received from the Army and Navy and other 
Government agencies, and numerous schools and medical and other 
groups came to study the collections. Very few animals could be 
obtained by purchase, but a number of desirable specimens were 
received. by exchange and as gifts from Army personnel and others 
interested in the Park, Births and hatehings at the Park totaled 73 
mammals, 180 birds, and 126 reptiles. Losses by death included the 
African rhinoceros, the maned wolf, and other animals, birds, and 
reptiles, including a large python that measured well over 25 feet 
in length and weighed 305 pounds, At the close of the year the col- 
lection totaled 2,626 animals representing 696 species and subspecies. 

Astrophysical Observatory.—In the division of astrophysical re- 
search, secret war research problems occupied most af the time of two 
members of the staff; the other members were engaged in reducing 
and determining the statistical correction for the solar-constant work 
of the three Smithsonian observing stations at Montezuma, Chile, 
‘Table Mountain, Calif., and Tyrone, N. Mex., since 1939, Most of 
the Director's work consisted in the study of solar-constant variation 
and associated solar changes in connection with the weather, resubti 
in the publication of a paper entitled “Weather Predetermined by 
Solar Variation.” As unusual weather conditions are expected dur- 
ing the coming year following a predicted depression of the solar con 
stant, every effort was made to keep the three observing stations in 
operation. In spite of manpower shortages, this was accomplished 
by the assistance of the wives of the field directors in observing and 
computing. Tn the division of radiation and organisms, the staf 
‘was occupied mainly with war research projects. 








THR ESTABLISHMENT 


‘The Smithsonian Institution was created by act of Congress in 
1846, according to the terms of the will of James Smithson, of Eng- 
Innid, who in 1896 bequeathed his property to the United States of 
America “to found at Washington, under the name of the Smithsonian 
Institution, an establishment for the increase and diffusion of knowl- 
edge among men.” In receiving the property and accepting the trust, 
Congress determined that the Federal Government was without 
authority to administer the trust directly, and, therefore, constituted 
an “establishment” whose statutory members are “the President, the 
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Vice President, the Chief Justice, and the heads of the executive 
departments,” 
‘THE UOARD OF REGENTS 


‘The Bourd suffered the loss by death of one member, Senator Charles 
L, MeNary, of Oregon, who died on February 25,1944. Hoe had served 
usa Senatorial regent since January 23, 1935, 

‘The roll of regents during the fiscal year was as follows: Harlan 
F, Stone, Chief Justice of the United States, Chancellor; Henry A- 
Walluce, Vice President of the United States; members from the 
Senate—Alben W. Barkley, Bennett Champ Clark; members from 
the House of Representatives—Clarence Cannon, Foster Stearns, Ed- 
ward E. Cox; citizen members—Frederic A. Delano, Washington, 
D.C; Roland 8, Morris, Pennsylvania; Harvey N. Davis, New Jersey} 
‘Arthur H. Compton, Tlinois; Vannevur Bush, Washington, D. C.; and 
Frederic C. Walcott, Connecticut. 

Proceedings-—The annual meeting of the Bourd of Regents was held 
‘on January 14, 1944. ‘The regents present were Chief Justice Harlan 
F, Stone, Chancellor; Vice President Henry A. Wallace; Representa- 
tives Clarence Cannon, Foster Stearns, and Edward E. Cox; citizen 
regents Frederic A. Delano, Roland S. Morris, Harvey N. Davis, 
‘Arthur H. Compton, and Vannevar Bush; and the Seeretary, Dr. 
Charles G. Abbot. 

‘The Secretary presented his annual report covering the activities 
of the parent Institution and of the several Government branches, 
and including the financial report of the executive committee, for the 
fiseal year ended June ¥0, 1943, which was accepted by the Board. 
‘The usual resolution nuthorizing the expenditure by the Soeretary 
of the income of the Institution for the fiscal year ending June 20, 
1945, was adopted by the Board, 

‘The Secretary stated that in order that the employees paid from 
Smithsonian funds might share the sume liberalized retirement ad- 
vantages as the Government-paid employees in the Institution, a bill 
covering this matter (8. 1558) had been introduced by Senator Bark- 
Jey and referred to the Senate Committee on the Civil Service. 

to the exigencies of wartime travel, the annual meeting of 
the Smithsonian Art Commission, usually held in December, was 
again omitted. 

"Tho Board formally ratified certain resolutions adopted by a mail 
vote authorizing the Secretary to execute an indenture dated March 
‘M, 1948, by Sumuel H. Kress and the Samuel H. Kress Foundation 
modifying and amending an indenture dated June 29, 1939, by the 
same parties, and further authorizing the Secretary to accept the 
offer of udditional art objects by these parties for the collections of 
the National Gallery of Art. 
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‘A resolution was adopted providing for the appointment of com- 
mittees to handle matters connected with the proposed celebration 
in 1946 of the centenary of the founding of the Institution, 

In his special report the Secretary outlined to the regents some 
of the more important wartime activities carried on by the Institution 
and its several branches. 


FINANCES 


A statement on finances will be found in the report of the execu- 
tive committee of the Board of Regents, page 110, 


‘TWELPTH ARTHUR LECTURE 


Under the terms of the will of the Inte James Arthur, of New 
York, the Smithsonian Institution received in 1931 » fund, part of 
the income from which should be used for an annual Jecture on some 
aspect of the science of the sun. 

‘The twelfth Arthur lecture was given by Secretary C. G. Abbot 
on February 29, 1944, under tho title “Solar Variation and Weather.” 
‘The lecture will be published with illustrations in the Report of the 
Smithsonian Institution for 1944, 

‘The 11 previous Arthur lectures have been as follows 


1 The Composition vf the Sun, by Heury Norris Russell, professor of 
ftronomy ut Princeton University. January 27, 108% 

& Gravitation In the Solar Syatem, by Ernest William Brown, professor 
‘of mathematics at Yale University. Suuuary 25, 1098. 

‘&, Bow the San Warms the Kurth, by Charits G, Abbot, Secretary of the 
Smaehsouian Tastitition, February 20, 1084, 

4. ‘The Sun's Place mong the Stars, by Waller 8, Adnms, director of 
the Mount Wilson Observatory. December 18, 1984. 

&, Sun Raye and Plant Lite, ty Earl S Jobuaton, assistant director ut 
the division of radiation and orgunisms, Smithsonian Institution. 
February 25, 1900. 

© Discoveries trom Eelipse Expeditions, by Samuel Alfred Atitehell, dl- 
rector of the Leander McCormick Oteerratory, University of Vir 
ginia, February 0, 1037, 

7, The Sun and the Atmosphere, by Harlan True Stetson, research asso- 
ciate. Muxsuchasetts Institute of Technology, Febranry 24, 1988 

‘& Sun Worship, by Herbert J. Spinden, curator of American Indian Art 
find Primitive Cutture, Brookiya Moseums. Pobruary 21, 1089, 

©, Solar Prominences (n Motion, by Robert R MeMath, director of the 
‘McMath-Hulbert Observatory of the University of Michigan, Janu- 
ury 10, 1940, 

10. Biological Effects of Solar Radiation on Hightr Animals and Man, by 
Brian O'Brien, professor of Phystologleal Opties, University’ of 
Rochester. Fobruary 2, 1941. 

U1, ‘The Sun and the Barth's Magnetic Pield, by Jobn A. Fleming, Depart= 
‘ment of Terrestrin) Magnetism, Carnegie Institution of Washington, 
Februnry 20, 1042. 
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PURLICATIONS 


‘The Institution's publication program has again emphasized ma- 
terial pertaining to the war or to Latin America as a part of its 
endeavor to make every phase of its activities sorve a useful wartime 
purpose. 

‘The papers in the series Smithsonian War Background Studies 
continued to be in great demand, particularly from Army and Navy 
organizations and personnel. Seven numbers were issued during the 
year—Nos. 13 to 18—and No, 20, on China, appeared soon after the 
close of the year. A list of these, as well as other publications of the 
year, will be found in appendix 10, The demand forthe War Back- 
round papers continued to increase until it became necessary to make 
charge for copies requested by civilians and for large lots of copies 
ordered by service organizations, while continuing the free service 
distribution of single copies and small lots, Soon after the close of the 
year the total number of copies of Nos. 1-20 printed by the Institution 
had reached 203,600, and 211,525 additional copies have been ordered 
for the Army and Navy, « grand total of nearly half a million books. 

A pocket-size field collectors’ mannal was published with the aim 
of providing'a worth-while activity for sorvite personnel stationed in 
ise oe agealy in the fighting zones. ‘The manual gives detailed 
directions for preparing, presorving, und packing specimens of 
animals, plants, and minerals. ‘This book also is given free to service 
personnel and sold to civilians. 

Tn the Miscellaneous Collections series, a paper intended chiefly 
for the use of medical officers was ismed under the title “The Feeding 
Apparatus of Biting and Disease-carrying Flies: A Wartime Con- 
tribution to Medical Entomology,” by R. E. Snodgrass. Several 
hitmndred copies were made available to Army and Navy medical per- 
sonnel. Also for use in connection with wartime medical problems 
in the Pacific theater, it was necessary to reprint an edition of a 
provious paper, “Molluscan Intermediate Hosta of the Asintic Blood 
Flake, Schistosoma japonicum, and Species Confused with Them," by 
Paul Bartsch. 

Many papers in all series of Smithconian publications dealt with 
studies in biology and anthropology of the other American republics, 
as n part of the Government's progrim of improving cultural rela- 
tions between the Americas. In the Miscellaneous Collections « sur- 
vey of existing archeological knowledge of the Andean region sp- 
peared under the title “Cross Sections of New World Prehistory: A 
Brief Report on the Work of the Institute of Andean Research, 1941- 
1949," by William Dunean Strong. The Smithsonian Annual Report 
included a comprehensive paper on the “Past. and Present Status of 
the Marine Mammals of South America and the West Indies,” by 
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Remington Kellogg. Nations! Museum publications included a num- 
ber of Promedings papers on various phases of biology in Latin 
America and « Bulletin entitled “Checklist of tho Coleopterous In- 
sects of Mexico, Central America, the West Indies, and South Amer- 
ien," parts 1 and 9, by Richard E. Blackwelder. ‘This last will be an 
essential tool for all futnre entomologieal work in Latin America. 
In the series Contributions from the United States National Her- 
bariuin appeared “Taxonomic Studies of ‘Tropical American Plants," 
by 0. V. Morton, ‘The Bureau of American Ethnology published four 
Bulletins on the archeology of Mexico, among them one entitled *Stone 
Monuments of Southern Mexico,” by Matthew W. Stirling. 

‘The total number of publications issued during the year was 
67, and 172,027 copies of the various series were distributed, 


LIBRARY 


‘The Smithsonian library has been increwsingly used by the Army, 
Navy, and war agencies. In the Museum branch library alone, 620 
requests for information from these sources were recorded. ‘The 
branch libraries of the Bureau of American Ethnology and the Astro- 
physical Observatory were also frequently called upon, and the 
staff of the Ethnogeographie Bonrd used all the branch libraries in 
search of material needed to aid the armed services and War agencies, 
Through the Library of Congress, the Smithsonian library is co- 
operating with the American Library Association in collecting material 
to aid libraries in war areas. The gradual decline in the receipt of 
publications from abroad has continued, but domestic scientific series 
sowed very little decline. Changes in library procedure shortened 
interval between the receipt of new publicutions and their aynil- 
senrt for use, Statistics of the year’s activities show 104 new 
exchanges arranged, 4,422 “wants” received, 0,678 volumes and. pam- 
phiets cataloged, 11,860 books and periodicals loaned, and 1,683 vol- 
‘umes sent to the bindery. 

‘Respectfully submitted. 








©.G, Annor, Seoretary. 


APPENDIX 1 
REPORT ON THE UNITED STATES NATIONAL MUSEUM 


Sm: [have the honor to submit the following roport on the con- 
dition and operation of the National Museum for the Bscal year 
ended Juno 80, 1944. 

Appropriations for the maintenance and operation of the National 
‘Museum for the year totaled $920,009, which was $37,869 moro than 
for the previous year, 


Tram ACUSRUAL IN Wario 


Visitors during the year numbered 1,582,765, an increase of 177,400 
oyer those of the previous fiscal year; approximately 40 percent of 
all visitors were men and women in uniform. z 

Although the possibility of enemy nttyck on Washington became 
steudily less, mesures for safeguard of visitors, colleetions, and build- 
ings were continued in force. ‘The air-raid defense organization ro- 
mained in operation under the direction of the general defense co- 
ordinator, F, M. Setzler, head curator of anthropology. Collections 
removed from the buildings as a precaution against enemy attack 
were inspected regularly, and careful guard was maintained over 
them, 

Asa result of a recommendation by the Smithsonian War Committee 
& free guide setvice through the National Musoum for mambors of 
the armed forces was arranged through the U. S. O. groups of Wash- 
ington, Under tho direction of F. M. Sotzlor a route was estab- 
lished within the Natural History building and 0 seript was pro- 
pared describing the exhibits selected for the tour. Classes for in- 
structing the volunteer hostesses were held on Sunday afternoons 
from August 22 to October 17, 108, and during February 164. On 
October 24 the first U.S. O. guido service for men and women in 
aniform was inaugurated, ‘Tours were conducted exch Sunday at 
U-minuto intervals from 11 a. m. to 8:80 p. m, Ench tour required 
approximately 45 minutes, From October 24, 1948, to Juno 25, 1044, 


5,826 military visitors were escorted through the building. Credit 
for the success of this service ix due to the excellent cooperation of 


U.S. O. headquarters, to the chairman and head recoptionist, Miss 
Margaret Bledsoe, and to other U.S. 0. hostesses, 


1B 
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Requests for information from the various war agencies continued 
to come to the staff during the year, and numerous war services 
‘wor rendered by most of the laboratories and by many individuals 
on the staf. 

Dr. Remington Kellogg, curator of mammals, served as chairman 
of the American delegution at the International Conference on the 
Regulation of Whaling in London during Januury 1044, At the 
request of the Nutional Research Council, De. Kellogg prepared text, 
Keys, distribution maps, and illustrations of monkeys known to be 
susceptible to infection by malarial parasites to aid in studies of 
malaria in man. Other services provided by the personnel of the 
Givision of mammals to officers of special Army and Navy units 
and other agencies concerned with the war included the furnishing of 
information relative to the distribution and identification of mam- 
mals involved in the transmission of disenses, Herbert G. Deignan, 
associate curator of birds, assisted in work on maps and on geographic 
names of the Far East and in « compilation of literature dealing with 
parts of that area, Dr, Doris Cochran, associate curator of reptiles 
and amphibians, assisted the Surgean General’s Office in the prepara- 
tion of lists of Asiatic reptiles, Personnel of the division of fishes 
furnished information in response to numerous inquiries relative to, 
dangerous, poisonous, and useful fishes, methods of fishing, sound~ 
making fishes, and emergency fishing equipment. Many identifica 
tions were made in the division of insects, particularly of mosquitoes, 
mites, and ectoparasites, and information was supplied on the habits of 
these forms, at the request of the Army and Navy. About 1,200 
spocimens of insects and Acarina were specially mounted on pins wnd 
approximately 450 slide mounts were made for use in Army and Navy 
training centers throughout the country in training programs in 
which health problems are involved. In addition, nearly 200 officers 
assigned to malaria survey or control units, or to similar activities, 
received instructions or other help from personnel of the division, and 
information on the disease-bearing insects of specific foreign areas 
was furnished the Division of Medical Intelligence of the Surgeon 
General's Office. At the request of the National Research Council, 
Dr. Paul Bartsch, curator of mollusks, sorved as a member of a com- 
mitteo charged with the preparation of a list of helminth parasites of 
the Southwest Pacific and their intermediate hosts. Dr. B. H, Walker, 
assistant curator of plants, prepared an account of the emergency 
food plants of the Tropics, Paul S, Conger, associate curator of the 
section of diatoms, studied samples of material involved in the fouting 
of chips, mines, and other marine structures. He likewise prepared 
bibliography of literature concerning the value of plankton as food, 
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Services of the department of anthropology dealt with a wide variety 
‘of subjects relating to people in the Caribbean islands, Pacific and 
Tndonesian areas, Oceania, Micronesia, Burma, Japan, China, the 
Philippino Islands, Central America, Europe, and Africa, Tho in- 
formation furnished included suggestions for Tropical and Arctic 
clothing, and footgear for aviators, water supply, population, pri 
tive weapons, house types, degree of western influence, physical che 
acteristics, and leather products. The collections of the division were 
used in a study of the resources of particular strategic geographical 
areas with a view to conservation of shipping space. Dr. T. Dale 
Stewart was granted a G-month furlough to teach anatomy to Army 
and Navy medical students at the Washington University School af 
Medicine in St, Louis, Mo. Dr. Waldo R. Wedel, associate curator 
of archeology, was detailed for specinl services to the Military Plan- 
ning Division, Office of the Quartermaster General, War Department, 
from September 1943 to March 1944. ‘The division of physical 
anthropology supplied the Office of Strategic Services with photo- 
graphs of various eastern physical types. It also supplied detailed 
ditn on average body weights of Europeans and various peoples of 
the Far East to the Office of the Quartermaster General. 

Tn the department of geology, two members of the staff, in coopera 
tion with the Geological Institute of Mexico, have continued field 
studies in the economic geology of that country as « part of the war 
effort. Curator W. F, Poshug spent the year on detail from the 
Museum in & continuation of the supervision of surveys for strategic 
aninerals in Mexico. Dr. G. AJ Cooper, similarly, spent 8 months in 
the field in Sonora concluding studies begun last year on the stratified 
rocks. The results, soon to be published, will be useful in the location, 
of new mineral areas. Dr. Cooper also concluded field work on the 
project dealing with tho subsurface geology of the Devonian rocks 
‘of Illinois, obtaining information for use in the oil development of 
that and neighboring States. 

Members of the zecilogical staff in the home office have been more 
occupied than ever before in furnishing information to the various 
war agencios. These servives have included such diverse items as the 
preparation of analyses, assisting in selecting and grading calcite for 
the War Production and other Boards, editing a scientific volume for 
‘at allied country, and furnishing information of all kinds to an ever- 
increasing number of service men and women visiting the Museum. 

‘Other services, expecially from the department of engineering and 
industries, have included the following: 

Construction of two demonstration models of new ordnance devices 
for the National Inventors’ Council; transfer of a series of model 
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buildings to the War Department, Corps of Engineers, Camouflage 
Section; information on revolving airfoils to the Technical Data 
Laboratory, Wright Field, Dayton, Ohio; furnishing photographs 
for Nuvy training films; identification of woods: nlso information on 
properties und uses of woods for Navy Department, War Production 
Board, Foreign Economic Administration, and Inter-American De- 
velopment Commission; methods of preserving specimens of dehy- 
Arated foods for War Food Administration; advice on disposition 
of hemp produced in Kentucky to Commodity Credit Corporations 
ussistance in drawing up contract specifications involving « true lock 
stitch in sewing safety seams, to United States Maritime Commission 
suitability of palmyra fiber as a substitute for rattan for stiff brushes 
to the Navy Department; and aid in the training of document in- 
spectors of Federal Bureau af Investigation in identification of various 
printing processes, 


‘coLLecrtoxs 


Accessions for the year numbered 1,150 separate lots, totaling 
289,040 specimens, ‘This was an increase over those received last year 
of 9,409 specimens, but a decrease of 18 in the number of accessions. 
Specimens were necessioned by the five departments as follows: An= 
thropology, 812; biology, 299,546; geology, 3,496; engineering and 
industries, 188; history, 4,388. Most of the accessions were gifts 
from individuals or specimens transferred from other Government 
agencies. The more important of these are summarized below. 
Catalog entries in all departments now total 18,008,775, 

Anthropology—The division of archeology received an important 
gift of 115 lots of potsherds and other materinls from varions Indian 
‘sites, many of which are on or near the presumed route of De Soto's 
expedition of 1839-42 through the southeastern United States. Two 
gold-and-silver book ends, reflecting the Tiahuanacan style of archi- 
tecture and soulpture, were presented by Vice President Henry A. 
Wallace, who received them as gifts from the Chamber of Commerce 
in Bolivia, on the occasion of his visit to La Pax. The division of 
ethnology was presented with a documented collection (159 speci 
mens) pertaining to the Huichol Indians of northern Jalisco. ‘Two 
‘other important collections received by the divisin were 26 oil por- 
traits of Navaho, Apache, and Pueblo Indians of Arizona and New 
Mexico, painted by Carl Moon, and an assemblage of excellent ex- 
amples of Moro and Indonesian brasses and Philippine metalwork, 
which had been presented to the Inte President and Mrs, William 
Howard Taft, during their residence in the Philippines, 

Biology—Tho largest single collection received by the division of 
mammals in the past 25 years consisted of about 2,400 specimens from 
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Colombia, collected by Philip Hershkovitz during his tenure of the 
Waiter Buthbone Bacon ‘Traveling Scholarship of the Smithsonian 
Institution. From the Fish and Wildlife Service came by transfer 
the year’s second-largest mammalian accession, 624 mammals from 
various North American localities. A beaked whale foetus, about 7 
feet long, the largest in the National collections, is also notable, 

‘As in the division of mammals, the largest accession of the year 
to the division of birds came from Colombia. This collection com- 
prised 8251 specimens, sufficient to give the Museum w reasonably 
complete representation of the bird life of northeastemn Colombia. 
‘A smaller avian collection, 86 specimens, ulso from Colombia, repre- 
‘sents localities not included in the larger collection first mentioned. 
Another collection included 20 species of birds hitherto unrepresented 
in the study series, 

As a result of exchanges with other institutions, several spesivs 
of reptiles and umphibians Litherto unrepresented or poorly repre- 
sented inthe Muscum have been added to the collections. Specimens 
from the Great Smoky Mountains National Park, Jamaica, and Hon- 
duras wore received, and 60 turtles, lizards, enakes, and frogs were 
contributed by Philip Hershkovitz, through the Walter Rathbone 
Bacon Traveling Scholarship. 

Exchanges consummated during the year broaght much valuable 
material, ineluding 821 cotypes, to the division of fishes, Smaller 
ichthyological collections, reosived as gifts, also included type ma- 
terial and some specimens from type localities not previously repre- 
sented in the National collections. 

‘The vital und significant role played by entomology and entomol- 
ogists in the war is reflected in the host of mosquitoes and mosquito 
lucvae received from the sanitary and medical corps of the armed 
forces—more than 10,000 specimens, About 67,000 bees, butterflies, 
‘and insects, including some holotype and paratype material, came as 
gifts and by transfer from other Government departments, 

‘Soven of the year's accessions in the division of marine invertebrates 
included type material, Especially noteworthy is tho fact that dur- 
ing the past year seven accessions, totaling 2,380 specimens, many of 
them rare, were collected and donated to the Museum by men in the 





‘was materially enhanced by three gifts, totaling 1490 specimens. ‘The 
lurgest known single collection of Jamaican representatives of the 
molluscan family Neritidae, consisting of 51,000 specimens and ac- 
companying 850 microscopic slides, came as s gift. 

‘Sovera! valuable accessions in the form of types and cotypes came 
to the belminthological collections as gifts. ‘These included species of 
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the gonera Ochotereneita, Choledooyatue, Ohoricotyle, Diphyltoboth- 
rium, Hexostoma, Oyclocotyla, and Raillistina. 

“Among the 89 echinoderms accessioned were 6 undeseribed species, 
6 paratypes of new ophiurans, and 2 interesting abnormal starfishes, 

‘Outstunding among the 86,240 plants received during the year was 
the Chickering herbarium of approximately 10,50 specimens. ‘This 
herbarium, formed by the late John White Chickering, Jr. ism yalu- 
ble addition as it includes material of historical importance from 
collections not at all or scantily represented previously. Also in- 
cluded are numerous specimens from the District of Columbia, of 
which many were collected in plant habitats now destroyed. Most 
of the smaller collections received came from South American or 
West Indian localities, Of special importance among these were 
bout 2,600 specimens of bamboos, including an unusually good repres- 
sentation of vegetative structures important to the field identification 
of the bamboos, 

‘The Albert Mann diatom collection, consisting of approximately 
8,000 slides of mounted specimens, more than 10,000 stmples of crude 
diatom material, and over 200 negatives und 300 lantern slides, trans 
ferred from the Carnegie Institution of Washington, was formally 
accessioned during the year. In combination with the other material 
this makes the Museum collection of diatoms one of the most im- 
portant in the world. 

Geology.—Income from the Roebling fund, provided for the pur- 
chase of important gems and minerals, was used to procure 31 gem 
stones of rare quality and high exhibition value and 2 mineral aeces- 
siong, consisting of 4 unusually formed quartz crystals and 8 trans- 
parent colorless scheelites. A beautiful pink Brazilian topag of 34.1 
carats was acquired throngh the Frances Lea Chamberlain fund, and. 
the Canfield endowment fund provided two specimens of libethenite 
‘and ncovellite. Several important single aceossions came as the result 
of the associate curator’s efforts to interest people in making collec 
tions for the Museum. By transfer from another Government, de- 
partment the division of mineralogy and petrology received specimens 
of weinschenite (yttrium phosphate), representing the first occurrence 
of this rare mineral in the United States. 

Seven new meteorites were added to tho collection, six of them being 
tundesoribed falls. 

‘The lnrgest addition to the ore collection consisted of a series of 
manganese and chromium ores from world-wide foreign deposits, 

‘The most important new material received by the division of in- 
vertebrate paloontology snd paleobotany consisted of 500 specimens of 
rare Paleozoic fossils collected by the curator during his field work 
in northwestern Sonora, Mexico, 
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Plaster casts of type fossils today have great scientific value, in 
view of the destruction taking place in foreign museums. Such 
east, an important English Carboniferous erinoid, the holotype and 
only specimen of which was in the ill-fated Bristol Museum, was 
received as a gift. Numerous types and holotypes of foraminifers, 
bryozoans, mollusks, echinoids, cephalopods, and corals were welcome 
additions to the collection. Important among the acquisitions of 
specimens of fossil vertebrates was a composite skeloton of an extinct 
antelope, as well as casts of the following: Complete skull of a curious 
three-horned antelope; type specimen af a flying reptile; and skeleton 
of x rare Trisssic armored reptile. ‘The ichnite collection was en- 
rriched by nine slabs containing the trails of Paramphibius didacty/his, 
once considered n vertebrate animal but now regarded as « horseshoe 
crab, 

Engineering and industries —From the standpoints of historical 
merit and of popular appeal first honors among the nequisitions of 
the year in this department are bestowed upon two automobiles. One 
of these is a U-S, Army ¥%-ton, 4 x 4 truck, one of the first of €2 of 
these vehicles built in 1940, and the prototype of these vehicles 
‘made famous by World War IT. The other is a Winton, 1903, the 
first automobite to be driven across the United States, » trip that re- 
quired 63 days on the road, Outstanding among the gifts to the 
watercraft collection was an original kerosene-barning brase bull 
head lantern of the first SS. Mauretania, 1907-37, presented by Presi. 
dent Franklin D. Roosevelt. ‘The lantern now stands im the exhil 
tion ease containing the handsome model of this famous vessel pre- 
sented to the Museum by the President several years ago. 

Through the Textile Color Card Associntion of the United States, 
the textile section received the ninth edition of the Standard Color 
Card, with its two supplements, the United States Arms and Sery- 
ices Color Card and the United States Army Standard Thread Card. 
‘The Association is supported by textile manufacturers and representa~ 
tive firms of almost every industry using color. ‘These firms agree to 
havo their products match the colors included in the official standard 
card, resulting in a great saving of time to consumers in obtaining 
‘exact shades of colors in materials that are to be used together. ‘This 
standardization is especially valuable to the United States Arms and 
Services, each serviee having an official color requirement for its uni- 
forms, trimmings, badges, and similar equipment. ‘The Standard 
‘Thread Card is furnished by tho Quartermaster General's office to 
quartermaster depots and contractors making clothing or equipage 
for the United States Army. 

“An important accession ‘in the section of chemical industries was 
an exhibit illustrating the chemistry and applications of refined alpha- 
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cellulose derived from wood pulp. Since the military services? re- 

| quirements for ordnance purposes cover practically all the annual 
production of cotton linters, the manufacturers of rayon found it, 
necessary to turn to alpha-cellulose for their raw material. ‘The appli- 
cations of the wood-pulp cellulose shown in the exhibit include rayon, 
‘molded and laminated plastics, cellophane, artificial leather, rayon 
tire-cord fabric, und electric-arc welding rods, 

‘An interesting addition to the collection of commercial furs was 
4 gift from Vico President Henry A, Wallace of two robes made 
from strips of vieufia skins. ‘The robes wero presented to him by 
Miss Rosa Prado, daughter of the President of Prd, on the occasion 
of Mr. Wallace's good-will tour, 

In the division of medicine and public health the most valuable 
tems were added to the section of pharmacy. ‘These included  com- 
plete exhibit illustrating the manufacture and use of dried blood 
plasma now effectively employed by our armed forces; n series of ob- 
jects picturing the method of obtaining penicillin, the recently dis- 
cover iracle-performing bacteriostatic drug; and » collection out- 
lining the life history of Carl Wilhelm Scheelo, the internationally 
famous apothecary. To the history of medicine section was addod 
the first portable X-ray machine known to have been operated suc- 
cessfully on a battlefield. 

‘The outstanding accession in the section of graphic arts was a French 
color print of the eighteenth century, “L’Amant Surpris,” by C. M. 
Descourtis after F, Schall. ‘This type of print, the estampe galanto, 
is highly prizod and much sought after by collectors. Descourtis 
was ono of the important engravers of tho period, and it is snid that 
“{/Amant Surpris” is one of his masterpieces, Walter Tittle, « well: 
known drypoint artist, presented the section with 19 examples of his 
work, following his special exhibition in the Museum. VOKS, the 
Soviet Russian Society for Cultural Relations with Foreign Countries, 
ave the section six war posters produced by the hand-stencil process. 
No printing equipment is necessary in making posters of this kind, 
which the Russians have developed tow high degree, Guerrilla artists 
have used this method extensively in occupied territories where the 
absence of printing and transportation facilities eliminates other 
metheds, 























History—The collection of civil, naval, marine, and military medals 
and decorutions was increased by specimens of several awards of 
these types established during the present war, Among those wero 
specimens of the Air Medal, awarded to members of the armed foross 
of tho United States who have distinguished themselves since Sep- 
tember 8, 1989, by meritorious achievement in flight. It is second only 
to the Distinguished Flying Cross, They include also specimens of 
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the decorations representing the four degrees of the Legion of Merit, 
namely, Chief Commander, Commander, Officer, and Legionnaire, 
‘These decorations are for award to the personnel of armed forces of 
the United States and the Philippines, and of the armed forces of 
friendly foreign nations. ‘The recipients must have distinguished 
themselves by exceptionally meritorious conduct in the performance 
of outstanding services since the Presidential proclamation of emer 
gency, Soptember 8, 1930, ‘These decorations are the first to be 
founded by the United States Government for award to forvigners. 
Other specimens illustrate the Merchant Marine Distinguished Sery- 
ice Modal and the Marines's Modal, ‘The first of these wus established 
for award to any person in the American Merchant Marine who on 
or after September 8, 1989, “hay distinguished himelf * * * in 
the line of duty” ‘The second is awarded to any seaman who, while 

ing on a ship during the war period, is wounded, suffers physical 
injury, or suffers through dangerous exposure as the result of an wet 
of an énomy of the United States, 

‘The collection of uniforms was incroased by the addition of several 
United States Army and United States Military Academy uniforms 
of the carly part of the twontieth contury. Uniforms of the types 
worn by Army nurses and officars and members of the Women’s Army 
Corps were tecaived from the War Department. A series of German 
tnd Japanese uniforms captured in Taly and the Aloutian Islands 
wns received as a loan from the War Department, 

‘An interesting gift to the philatelic collection was « series of 
‘Aguinuldo (Philippine) stamps totaling moro than 2,000 specimens, 
‘A cover franked with a Yount red Aguinaldo stamp postmarked 
Bataan, the locality famous for the valiant fight against tho Japanese 
of the American forves under the leadership of Gen. Douglas Mac- 
Arthur, is included, Among the stamps transferred by the Post 
Office Department was a special series of 12 United States stamps 
commemorating the European countries that have been overrun and 
occupied by the Axis powere—Albania, Austria, Belgium, Czecho- 
slovakia, Denmark, France, Greece, Luxembourg, Norway, The Nether- 
lands, Poland, and Yugoslavia. Each stamp bears in color the na- 
tional flag of the country concerned. The Soviet Union presented 
30-kopock and a 3-ruble stamp showing the Russian, British, and 
‘American flags, commemorating the recent historic conference at 
‘Tehran. Among the stamps emanating from enemy countries that 
found their way into the Museum collections were 2 Japanese stamps 
commemorating the fall of Bataan and Corregidor, 11 stamps issued 
by the Japanese military authorities for use in the occupation of the 
Dutch Indies, and 14 varieties of Japanese stamps for the army of 
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scenpation in the Philippine Islands, A large number of German 
stamps also wore received. 


EXPLORATIONS AND RESEARCH 


Although field explorations for the year were concerned principally 
with the conduct of the war, important research was accomplished 
along many other collateral lines, 

Anthropology —During his assignment as teacher of anatomy to 
Army and Navy medical students at Washington University School 
of Medicine, St. Louis, Mo., studies were carried on by the curator, 
Dr, T. Dule Stewart, on age and sex changes in the human slceleton, 
‘This was possible because the skeletal collections preserved in the 
university's departinent of anatomy were obtained from the dis 
seoting rooms and therefore were accurately identified. During the 
course of this work Dr. Stewart took the opportunity also of studying 
arthritic changes in the skeleton. Since arthritis is closely correlated 
with age, it was hoped that the university's identified material would 
aid in the interpretation of the condition in the group in the Museum 
collections where exact age is unknown. In addition to his work at 
the university, Dr. Stewart spent some time in studying Indian skele- 
tons excavated in Mlinois by Dr. P. F. Titterington, « St. Louis physi- 
cian. ‘Two cultural horizons are represented by these Indian re- 
mains, the Hopewell and the Jersey County bluff focus of the Middle 
Mississippi. 

‘Up to the time of his death on September 5, Dr. Aled Hrdlitka 
continued the work of analyzing his data on the human tibia. The 
year also saw the publication by the Museum of the seventh and 
last part of Dr. Hrdlicka’s “Catulog of Human Crania in the United 
States National Museum Collections,” « work on which he had been 
engaged for many years, ‘Tho final part covers the non-Eskimo. 
people of the Northwest Coast, Alnska, and Siberia and includes 
measnrements of nll skulls of this provenience deposited in the Na- 
tional Museum ns well as of many supplementary ones in various 
Russian institutions, The entire series of catalogs presents measure- 
mente of morg than 7,500 non-White crania and has been described 
a8 constituting “one of the most valuable sources of basic anthropo- 
metric data in existence.” 

Biology. —Under the auspices of the Division of Cultural Relations 
of the Departmont of State, Ellsworth P. Killip, associate curator of 
plants, visited Colombia during April, May, and June for consulta- 
tions and work in botanical centers in Bogoté and Cali, In working 
over the Musoum's South American material, which includes large 
recent collections of plants, as well as a considerable accumulation of 
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specimens received for identification in the past, Mr. Killip 
much valuable data for the proposed “Flora of Colombia.” 

Philip Hershkovitz, holder of the Walter Rathbone Bacon Scholar- 
ship for 1041-48, returned from Colombia in October, after an absence 
of almost 2 years. ‘The collection ho amassed forms the largest single 
accession of mammuls roseived by the Museum during the past 26 


years, 

Under the W. L, Abbott fund, M. A. Curriker, Jr, oantinued 
ornithological field work in Colombia until October, Ho brought to 
tho Museum the results of two seasons! work, one of the finest collec 
tions of birds that has ever been mado in that area. 

Dr. Remington Kellogg, curator of mammal, soryed as chairman 
of the American delegation to the International Conference on the 
Regulation of Whaling held in London during January. Between 
sessions of the conference he studied at the British Museum in proparn- 
tion of a report on the recent porpoises. Dr. Kellogg spent part of 
September at the Museum, of Comparative Zodlogy examining a col- 
lection of eetacean remains from Polk County, Fla. Also, at the re- 
quest of the National Research Council, for the Board for the Co- 
onlination of Malurinl Studies, in colluboration with Major EB. A. 
Goldman of the Fish and Wildlife Service, Dr. Kellogg prepared 
the first of a series of descriptive accounts of the kinds of monkeys 
that may carry malarial infections. 

‘Tho curator of birds, Dr, Herbert Friedmann, completed part 10, 
the gallinnecous birds, of Ridgway's unfinished monograph, “Tho 
Birds of North and Middlo America,” and began the revision of hig 
own previously completed, manuscript on the falconiform birds. 
H, G. Deignan, associate curator of birds, completod his monograph 
on “Tho Birds of Northorn Thailand.” now in press. 

‘Tho assoointo orator of reptiles, Dr. Doris M. Cochran, reports 
further substantial progress in her studies on South American frogs. 
She also undertook to expand her popular handbook on “Poisonons 
Reptiles," Number 10 of the Smithsonian War Background Studies, 
into a treatise on “Dangerous Reptiles,” nonpoisonous, as well as poi- 
sonous, for the general appendix to the Smithsonian Annual Report. 

Dr. Paul Bartach, curator of mollusks, has worked in close coopera- 
tion with special committoe of the National Research Council, in 
Preparing a list. of known or suspected molluscan intermedinte hoats 
of human parasites, 

Tn eonneetion with the preparation of survivor manuals, Dr, Le P. 
Schultz, curator of fishes, and Earl D. Reid, scientific aid, demonstrated 
to members of the U. 8. Navy the use of derris, root for securing 
fish for food in emergencies, 

ar0820—48—3 
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Dr. Schultz also made notable progress with his stndies onthe 
extensive material that he collected in Venezuela, finishing a report on. 
the Characinidae and completing manuscript for the families Gymno- 
tidne, Cichlidae, Cyprinodontidae, Dasyutidue, Totradontidae, and 
Centropomidae. 

‘The curator of insects, Dr. E. A. Chapin, made further progress 
with( the manuscript embodying the results of his investigations 
on the beetle genus Hippodamia and continued work on other sections 
of the Coccinellidae, 

Dr, R. E, Blackwelder, associnto curator of insects, continuing his 
‘work on Bulletin 185 of the National Museum, “Checklist of the Col- 
copterous Insects of Mexico, Contra Aniericu, the West Indies, atid 
South America,” submitted the mantiseript for part 3 Parts 1 and 2 
were publishod during the year. 

Austin H. Clark, curator of echinoderms, completed part 4.of Bul: 
Jetin 82, “Monograph of the Existing Crinoids;" except for assembling, 
the plates. He also published “Zeeland and Greenland,” the fifteenth, 
of the Smithsonian's War Background Studies, and, in-eollaboration 
with Dr. E. H. Walker, assistant eneator of plants, prepared material 
for the biological section of another volume of this series dealing with 
the Aleutinn Islands, 

‘Ali divisions in the department contributed to the Navy's “Survival 
‘on Land and Sea,” published in December, to “A Field Collector's 
Manual in Natural History,” recently issued by the Smithsonian, anid 
to the proparation of niné mimeogeaphed leallets for distribution to 
correspondents inquiring about the animal and plant life of the 
Southwest Pacific. 

Geology—As in the other dopartinents of the Musoum, several 
mombers of the staff of the department of geology sre on military 
detail, ‘The researches of the head curator, Dr, Rt, S, Bassler, have 
Leen limited to thive projects; first, his monographie study of Laver 
Paleozoic corals; second, & paper on the giant Paleozoic Ostracoda 
known as the Leperditiidae; and third, a continuation of researches 
‘on American Onlovician crinoids and cystids contained in the 
Springer collection, ‘The manuscript und illustrations of all threo 
havo heen more than half completed. 

Curator William F. Foshng was occupied the entire year in Mexico 
with hix supervisory work for the Geological Survey in surveys for 
strategic minerals, In addition, he spent some time at the Parfoutin 
‘Voleang miaking observations and collecting material for the Museum 
exhibition series, 

E, P, Henderson completed several unalyses of new meteorites: 
“The Motallography of Meteoric Iron,” a monograph by Dr. Stuart H, 
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Perry, associate in mineralogy, was published during the year as 
Bullotin of the National Museum, 

Dr. GA. Cooper, in collaboration with Prof. A. S. Warthin, of 
Vassar College, completed his survey of Tlinois Devonian oil strata, 
‘and, in collaboration with the Instituto Geoldgieo de México, eon- 
tinued field and laboratory studies of the geology of northwestern 
Sonora. A month and a half of field work in Sonora, in ussociation 
with his Mexican colleague, Ing. A. R. V. Arellano, resulted in note- 
worthy paleontological collections and considerable increase in knowl 
edge of the structure and stratigraphy of the area, 

Tinder the Walcott fund of the Smithsonian Institution, in eollabo- 
ration with Drs. Myron N. Cooper and R. 8. Edinundson, of the Vir~ 
rinia Geological Survey, Dr, Cooper mado an investigation of the 
relationships of the limestones that oceur on the Ganks of Clinch 
Mountain in southwestern Virginia and northern Tennessee, 

Botore his untimely death Dr, Charlos E, Resser was engaged in the 
study of the Lower Ondovicinn trilobites of Vermont and adjacent 
areas and was continuing his Cambrian Summary and Bibliography, 
Many years of work by Drs, Walcott and Reser have gono into this 
summary and bibliography, both of which when finished will be vala- 
able contributions to science, 

Finld worl in vertebrate paleontology, usually one of the best sources 
of striking exhibition material, was necessirily restricted. In o 
short trip to the nearby Calvert Cliffs on Chesapenke Bay, Curator 
CW. Gilmore and his assistants had the good fortune to excavate a 
sirenian skeleton of Miocenc ago, a fossil sea cow ovor 10 feot long. 












MISCHLLANTOUS 


Visitors —The number of visitors to the Museum buildings during 
the your showed an increase of 177,496 over the previous year. The 
total number, 1,582,700, is, of course, far below the peacetime recon 
‘of 2408,170 in 1037-38, but the increase does indicate n salutary up- 
trond in the degree to which the National Museum exhibits and col- 
Ieetions aro being viewed and studied by the poople even in wartime, 
Aujgast 1048 and April 1044 saw the largest number of visitors, 162016 
and 164,991, respectively, being recorded for these months, The 
attendance in the four Smithsonian and Museum buildings was as 
follows: Smithsonian building, 801,212; Arts and Industries building, 
566,406; Natural History building, 493,280; Aircraft building, 171,818. 

Sino considerable proportion of the visitors consisted of men and 
women in the armed forces, special services were proffered this group 
and every effort was made to enhance their visits. Tn the Natural 
History building « program of Sunday docent service, for guiding 
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parties through the Museam, was inaugurated. “A number of women 
U.S. O. volunteers wwere especially trained to act as guides, and the 
ours” conducted by them have proved vers popular, During the 
period covering the last 35 Sundays of the fiseal year, over 9,000 mem~ 
bors of the military personnel took advantage of this guide service, 

Publications and. printing —The sum of $30,000 was available dur- 
ing tho fiseal year for the publication of the Annual Report, Bulletins, 
and Proceedings of the National Museum, ‘Twenty publications were 
issued—the Annual Report, 4 Bulletins, 1 Contribution from the 
National Herbarium, and 14 Proceedings papers. A list of these 
publications is given in the report on publications, appendix 10. 

Tho distribution of volumes and separates to libraries nnd individ 
uals on the regular mailing lists ugaregated 40,817 copies. 

Speoial exhibits—Seventeon special exhibits were held during the 
year in the foyer and adjacent space of the Natural History building, 
under the auspices of various educational, scientific, recreational, and. 
governmental groups. In addition the department of engineering and 
industries arranged 28 special display=—5 in engineering, 12 in graphic 
arts, and 11 in photography. 





CHANGES IX ORGANIZATION AND STAFF 


‘There was no major change in the organization of the National 
Museum, but some work hus been dane in allocating positions to their 
proper grades tinder the Classification Act on the basis of the duties 
of each position, 

Honorary appointments were conferred on Maj. Edward A. Gold- 
man ns associate in zoology on August 1, 1943, Dr, Floyd A. McClure 
‘as research associate in botany on April 21, 1M4, Dr. J. B. Reside, Jr, 
as custodian of Mesozoic collection on June 19, 1944, and Clarence R. 
Shoemaker as associate in zoology on April 1, 1944. 

In the department of biology, Dr. David H, Johnson, associate 
carator, division of mammals, was furlouighed for military duty on 
November 15, 1943, and Dr. Richard E. Blackwelder, associate cura- 
tor, division of insects, was furloughed temporarily for war work on 
August %, 1943, Other changes were the resignation on’ March 22, 
1944, of Walter A. Weber, assistant curator, division of birds; the 
retirement of Clarence R. Shoemaker, associate curator, division of 
marine invertebrates, and Julian S. Warmbath, taxidermist. The 
Jatter vacancy was filled by the promotion of Watson M. Perrygo on 
December 9, 1943. In the section of diatoms, Paul S. Conger was 
appointed associnte curator on March 9, 1044. 

Tn the department of geology, Dr. G. Arthur Cooper was advanced 
te the curatorship of the division of invertebrate paleontology and 
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paleobotany on October 2, 1948, to succeed Dr. Charles B. Resser, who 
died on September 18, 1943. Miss Marion F. Willoughby, scientific 
saeseneast to the United States Geological Survey on October 
31, 

Tn the department of engineering and industries, Dr. A. J. Olmsted, 
for a number of years chief photographer of the Museum, was relieved 
of the duties of that position an November 9, 1943, and was appointed 
associate curator in charge of the section of photography. Gurney I. 
Hightower succeeded Dr. Olmsted in charge of the photographic 
Inboratory on January 9, 1944, with Floyd B. Kestner as assistant. 

Other changes in the ndministrative staff during the year were the 
retirement of Royal H, Trembly, superintendent of buildings and 
labor, who was succeeded by Lawrence L, Oliver on December 10, 1943, 
Anthony W, Wilding was appointed property officer on ‘December 21, 
1948. ‘Tho vacancy created by the death of Miss Helen A. Olmsted, 
personnel officer, was filled by the appointment of Mrs, Bertha T. 
Carwithen on February 1, 1944; and Mrs. Margaret L, Vinton was 
appointed personnel assistant on March 9, 1044. 

‘Employees furloughed for military duty during the year were 1s 
follows: Robert L. Bradshaw, on October 19, 1943; Joseph R. Burke, 
‘Jr, on October 13, 1943; John Carl Carter, on May 5, 1044; Walter 
‘McCree, on April 3, 1944; and David H. Johnsan on November 15, 
1048, 

‘Ernest Desantis returned to daty from military farlough an Oc- 
tober 18, 1943, 

Eloveh parsons were retired, three having reached retirement age, 
five on account of disability, and three by optional retirement, as fol- 
lows: For age, William Rice, laborer, on September 80, 1048, after 15, 
yours, 8 montiis of service; Thomas J. Shannon, guard, on April 80, 
194, after 18 years, 6 months; and Clarence R. Shoemaker, associate 
curator, on March 81, 1944, with over 33 years, 4 months of service. 
For disability, Eugene ©. Milter. guard, on December 9, 1943, with 6 
years, 1 month of service; Cecil R. Mulnix, guard, on March 81, 1944, 
With 18 years, 7 months service; Arthur G, Rodgers, guard, on Novem- 
ber 10, 1943, with § years, 5 months service; Ann M. Stokes, laborer, 
on Octobor 4, 1943, with 18 years, 6 months service; and Charles O- 
Watson, Inborer, on April 5, 1944, with 35 years, 8 months service. 
By optional retirement, Royal H, Trembly, superintendent of build- 
ings and labor, November 30, 1943, with over 49 years of service; Bertie 
‘Turner, attendant, on November #0, 1913, with 82 years, 6 months 
service; and Julian S. Warmbath, taxidermist, with 15 years of service. 

‘Through death, the Museum lost during the year five employees 
trom its active roll: Dr. Charles EB. Resser, curator, division of in- 
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vertebrate paleontology and paleobotany, on September 18, 1948, after 
29 years, f months; Miss Helen A. Olmsted, personnel officer, on Jan- 
nary 11, 1044, after 43 years, 9 months; Benjamin F. Coe, guard, en 
March 1, 1944, ufter 25 years, 5 months; George E. Matheny, guard, 
on July 20, 1943, after 24 years, 6 months; and Cornelius 8. Jones, 
Inborer, on March 17, 1944, after 32 years, 6 montlis, 

From its honorary staff, the Museum lost by death on September 6, 
1048, Dr. Ale3 Hrdlicks, associate in anthropology since April 1, 1042; 
and on Fobruary 22, 1944, Dr. E, O. Ulrich, associate in paleontology 
since June 9, 1914. 

Respectfully submitted. 

Avexaxpge Wermons, Director. 

‘Tue Stourrany, 

Smithsonian Inatitution. 


APPENDIX 2 
REPORT ON THE NATIONAL GALLERY OF ART 


‘Sm: T have the honor to submit, on behalf of the Board of Trustees 
of the National Gallery of Art, the seventh annual report of the Board 
vovering its operations for the fiscal year ended Juno 80, 1944. ‘This 
twport is made pursuint to the provisions of the Act of March 24. 1987 
(50 Stat, 51), as amended by the public resolution of April 13, 1939 
(Pub, Res. No. 9, 76th Cong.). 





ORGANIZATION AND STAFF 


During the fiscal year ended June 90, 1944, the Bourd was comprised 
‘of the Chief Justice of the United States, Harlan F. Stone; the Sec- 
retary of State, Cordell Hull; the Secretary of the Treasury, Henry 
Morgenthau, Jr,; and the Secretary of the Smithsonian Institution, 
Dr. C.G. Abbot, ex officio and five general trustees, David K. E. Bruce, 
Fordinand Lammot Belin, Duncan Phillips, Samuel HL. Kress, and 
Chester Dule, Mr, Dale was elected as general trustes on November 1, 
1948, to succeed Joseph E. Widener, who died on October 26, 1943. 

Al its annual meeting, held on February’ 14, 104, the Board re- 
elected David K, E. Bruce, President, and Ferdinand Lammot Belin, 
Vice President, to servo for te ensuing year, ‘The executive officers 
continuing in office during the yeur were: 

Huntington Cutrus, Seerotary-Treauter, 

David EB. Finley, Director, 

Harry A. McBrlite. Administrator. 

‘Huntington Cairns, General Cons, 

Jol Walker, Chet Corntor. 

Moegiit Jnines, Aasstant Director, 
Donald D. Shepard continued to serve during tho year us Adviser to 
the Board. 

During the year E. Roy Bergholz was appointed as Assistant ‘Treas 
turer to succeed Charles Zinsner, who resigned; John A. Gilmore was 
appointed as Assistant General Counsel; Hanns Swarzenskt was ap- 
pointed Curator of Sculpture; and Porter A. MeCray was appointed 
Chief of the Inter-American Ofice. 

‘The Board of Trustees during the year was authorized nnd directo’ 
by the Foreign Funds Control of the United States Treasury Depart- 
mont, anid at the request of the State Department, to assume custodinn- 

29 





30 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1944 


ship of all works of art and exhibition material sent’ to the United 
States under the auspices of the former French Government for exhi- 
bition purposes at various places in the United States, including the 
World’s Fairs at New York, N. ¥., and San Francisco, Calif, 

On August 20, 1943, The American Commission for the Protection 
and Salvage of Artistic and Historie Monumenta in War Areas was 
organized, and soveral executive officers of the Gallery were appointed 
to servo ns officers of the Commission. ‘The hexdquarters of the Com- 
mission are located in the Gallery building. 

In March 1944 the Gallery, nt the request of the State Department, 
established the Inter-American Office, This office was ereated to act 
as the official Government clearinghouse for the exchange of informa- 
tion concerning nrt activities in the American Republics, 

‘The three standing committees of the Board, provided for in the 
bylaws, ns constituted at the annual meeting of the Board, held Febru- 
ary 14, 1944, were: 








Chief Justion of the United States, Harlan F, Stone, chairman, 
‘David K. 2. Bruce, vice chatraun, 

Secretary of the Sralthsonlun Institution, Dr. C, G. Abbot. 
Fordinund Lawmot Belin, 

‘Dunean Phillips, 





INAH conser 

Secretary of tho ‘Treanury, Henry Morgenthad, Jr. ebalrman, 
David KB. Braco, viee ebairman, 
Secrutary of State, Cordell Hull, 
Ferdinnnd Lammot Bello, 
Samuel HL Kees, 

Acquinrrions coxeaareree 
Duvld K. B. Bruce, ehatrman, 
Ferdinand Lasnmot Belto, vice ehatrman, 
Duncan Phillipa 
Chester Dato, 
David #. Finley, ex ofBelo, 

Tho permanent Government positions of the Gallery aro filled 
from the registers of the United States Civil Service Commission or 
with its approval. On June 80, 1944, the permanent Government staff 
numbered 243 employees. Since the beginning of the war, 68 mem- 
bors of the staff, or approximately 25 percent, have entered the armed 
services, 

‘Tho operation and maintenance of the Gallery building and grounds 
and the protection of the works of art have been continued through 
tho fiseal yoar 1944 at ns high a standard as possible with the reduced 
staffs now available, These staffs have been cut to a minimum owing 
to the fact that the Gallery has desired to reduce expenditures and 
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the use of manpower to the grostest possible extent during the war 
period, ‘That it has been possible to maintain a fairly high standard 
ig due solely to the intensive eflorts, efficiency, nnd interest of the main- 
tenance staff and the guard force, However, it will be necessary 
to increase both the maintenarice staff and the guard force ns soon, 
ag possible in order adequately to operate ond maintain the Gallery 
building and grounds and to enable the Trustees to carry out their 
duties in the protection and care of the works of art in the Gallery's 
collections, 
ArPROrWLATIONS 


For sularies and expenses for the upkeep and operation of the Na- 
ional Gallery of Art, the protection and care of works of urt wequired 
by the Board, and wll udministrative expenses incident thereto aa 
authorized by the Act of March 24, 1937 (50 Stat, 51), and amended 
by public resolution of April 12, 1989 (Pub, Res. No. 9, 76th Cong.), 
the Congress approprinted for the fiscal yeur ending June 30, 1944, 
the sum of $628,365.00. ‘This amount includes the present spproprin- 
tion of $641,365.00 und w supplementary deficiency appropriation 
amounting to $82,000.00 for the payment of “overtime compensation” 
fax atithorized by Public Law 49, 78th Congress. From these appro- 
priations the following expenditures and encumbrances were incurred : 





Raxvexorrones axp RNCUamMRANCES 





In aidition to the above-mentioned appropriations, the Gallery re- 
cccivod $15,989.16 from the Federal Works Agency, Public Buildings 
Administration, to covor expetises incurred in connection with the 
special protection of paintings and sculpture evacuated from the 
Gallery, 

armexpaxcr 


During the fiscal year ended June 90, 1944, the vititors to the 
National Gallery of Art totaled 2,000,071, the largest annual attendance 
since the opening of the Gallery. This compures with 1,503,081 dur- 
ing the fiscal year ended June 80, 1948, or an increase of 551,090 or 
86.6 percent. ‘The increase in popularity of tho Gallery is evidenced 
by the fact thot the average daily attendance during the fiscal year 
1044 wwas 6,650 visitors, as compared with 4,148 for the fiscal year 148, 
On Sunday, December 21, 1948, there were 22,048 visitors, the greatest 
umber in any one day. 
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Contributing to the public's increasing interest in the Gallery 
are the evening hours on Sunday, the special exhibitions, particularly 
those of wartime art, tlie Sunday evening concerts without charge, und 
the Servicemen’s Room, whieh provides a place of relaxation for men 
and women in the armed services. Approximately 30 percent of the 
visitors to the Gallery ure men and women in the armed services, 


PUBLICATIONS 


‘The Information Rooms in the Gallery continue to offer an in- 
creasing varicty of fine, although moderately priced, colored repro= 
ustions of paintings in the Gallery's collections, as well as post eards, 
illustrated catalogs, and a general information booklet that is of 
great assistance to visitors and which may be obtained without charge. 
With the acquisition of the Lessing J. Rosenwald collection of prints 
and drawings, « large illustrated entalog of this collection and a set 
of 82 post-card reproductions of some of the prints and drawings in 
the collection have been added to the publications now available, 

During the past yeur there has beon great increase in the number 
of orders for the Gallery’s publications from servicemen overseas, Who 

re purchasing color prints and catalogs for use in recreation rooms 
at military posts all over the world, ‘There his also been an tinusal 
demand from public schools throughout the United States for color 
reproductions and text material descriptive of the Gallery's collections. 
‘These publications also are in demand in the Latin-American 
republics. 








WORKS OP ART STORED IN VLACH GF SAFEKEIING 


Early in January 1942 « limited number of fragile and inreplace- 
ble works of art in the Gallery's collections were removed to 4. place 
of greater safety, ‘These works, stored ina place adapted for the pur- 
pose, have since been under constant guard by members of the Gal- 
Jery’s guard force and under supervision and inspection by a member 
of the curatorial staff of the Gallery. 





Acquisitions 
SUT OF PESTS aD mRAWENCH 


‘The Board of Trustees, on December 4, 1043, uccepted six etohings 
from David Keppel, five by Piranesi and one by Ugo de Carpi, Also 
on December 4 the Board accepted 4 gift of Ovo drawings, “Seated 
Figure,” by Pascin, and “Hoad of a Girl,” by Puyis de Chavannies, 
from Lessing J. Rosenwald. On May 20, 1944, the Bontd accepted an 
additional gift of approximately 198 prints and drawings from Mr. 
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Rosenwald, ‘The Index of American Design, consisting of 22,000 or 
niore drawings and water colors, which was accepted by the Board on 
June 7, 1943, from the Works Progress Administration, was reeeived in, 
the Gallery during the fiseal year 14, 


GIFTS oF PAINTINGS. 


On December 4, 1943, the Boar af Trustees accepted eight paintings 
from Lessing J. Rosenwald, viz: 











Titte Artist 
he Btockade—————__—_____-__. Poratn. 
‘Phe Petitioner— Foralt, 
“Artist and Model Forain. 
Bebiad the Scenes Forain. 


Fost of the God 
Im Cbureh_____ 
Peach Blosm——— 
Arnold Hasinay—— 

On tho same date it also accepted the painting entitled “Breezing Up,” 

by Winslow Homer, from the W. L. and May 't. Mellon Foundation. 

Gn December 18, 1943, the Board accepted the portrait of “Commodore 

John Rodgers,” by John Wesley Jarvis, from the Misses Christina and 

Nannie R. Macomb, On February 14, 1944, the Board accepted two 

paintings, “The Stream,” by Courhet, and “The Eel Gutherers,” by 

Corot, from Mr. and Mrs. P.H. B. Frelinghuysen. From the children 

of the Inte Rt. Rev, William Lawrence, the Board on the same date 

Accepted the painting entitled “Amos Lawrence," by Chester Harding; 

and on May 20, 1944, the Board accepted the painting of “Horace 

Binney,” by Gilbert Stuart, asa gift from Dr, Horace Binney, 


Daumler. 


SALE O& EXCHANOE OF WORKS OF ART 


During the year no works of art belonging to the Gallery were sold 
or exchanged. 
LOA oF WORKS CF axr-TO THEE GALLERY 


During the year the following works of art were received on loan: 
From Mrs. John C. Clark of Now York, N. Y.: 
09 etchings by Pennell. 
From Mrs. Cary Grant, Pacific Palisades, Calif.: 
rine Artist 





A Fete Day, Venice _——____________—.. Ginaletto, 
‘The Courtyard, Doge's Palace, with the Procession of the Papal 
Legate. = ee Canatetto. 
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TOAN OF WORKS GF ARE BY THE GALtaKE 


In the fiscal year ended June 80, 1944, the Gallery loaned the fol- 
lowing five paintings to the Lyman Allyn Museum, New London, 
Conn., for exhibition purposes: 

From the collection of the National Gallery of Art: 

Title Artist 
‘Belt Portrait 
Major Thomas Biddle___. 


———~ Benfamin West. 
‘Thomas Sully and Thomas Wieoekx Sully. 








From the lonn collection of The A. W. Mellon Educational and 
Charitable Trust: 






Artist 
——— Aittribnted to John James Audubon. 
—- attribmted to Washington Allston, 


Peter R, Livingston (1). attsibuted (0 Abraham Delany. 


LOANeD WORKS OF AMT KETURNED 


During tho your the following works of art lent to the Gallery by 
hester Dale of New York, N. ¥., were returned to him: 





Title Artint 
Gronehing Lou. Delncrotx, 
‘Nudv Woman Seated on a Bed. + Forain, 
‘Woman ented on n Chatr.__—__ == Foraln, 





Moualewr Louls Roy. = as 
Cottage Intertor with Woman and Little QleL 





EXHIBITIONS 


‘The following exhibitions were held at the National Gallery of Art 
during the fiscal year ended June 80, 1044: 

Group of political caricatures by French and British artists, from 
the Lessing J. Rosenwald collection, from July 31 to September 5, 
1043, 





‘Nineteonth- and twentieth-century drawings and water colors from 
French museums and private collections (2d showing) from August 
8 to September 5, 1943, 

“Art for Bonds,” by American artista and sponsored by the Treasury 
Department's National Committee of Honorary Patrons, in connes- 
tion with the Treacury’s Third War Loan Campaign, from September 
12 to October 10, 1943. 

Marine water colors and drawings by officers and enlisted men of 
the U. 8. Marine Corps, through cooperation of the Division of Public 
Relations, U, 8. Marine Corps, from September 12 to October 10, 1943. 

Navaho pollen and sand paintings. Selections from a group of 
Paintings executed by Miss Maud Oakes, and accompanied by a group 
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Salat iy Mas Mary Wheelwright, from October 17 to November 
1s, 

Paintings of naval aviation by American artists. From the Abbott 
Laboratories and in cooperation with the U. S. Navy, from November 
21 to December 12, 1943, 

Prints and drawings from the Rosenwald collection. ‘The frst 
genral exhibition of prints and drawings from the Lessing J. Rosen 
wald collection, comprising group of selections from the fifteenth 
century to the present time, from December 19, 1943, to February 1, 
1044, 

Etchings and lithography by Goyn from the Gallery's collection, 
from January 23 to February 13, 1044. 

“The Army at War,” paintings and drawings by American artists 
at Army bases throughout the world, Exbibition lent by the War 
Departibent to the Treasury Department, and shown at the National 
Gallery of Art from February 20 to March 10, 1944. 

Index of American Design, First exhibition of a selection of draw- 
ings and water colors (from the Metal Work and Hooked Rug see- 
tions), from March 26 to April 23, 1944. 

Naiiteuil engraved portraits, A selection of 38 of Nanteuil's works, 
from the Lessing J. Rosenwald collection, from March 26 to June 21, 
1944. 

British war paintings. An exhibition of official British war paint- 
ings, recording military operations and ciyiliun activities in wartime 
Britain, Lent by the British Ministry of Information, from April 23 
to May 20, 1944. 

Rembrandt prints.and drawings. A survey of tho work of the great 
Dutch master, selected from the Rosenwald, Widener, Rice, and 
Nowell-Usticke collections, from April 20 to June 21, 1944, 


AHAVELING EXINITIONS 


During the fiscal year ended June 80, 1044, the following drawings, 
water colors, and prints were placed on exhibition: 


iipex oy AMMTOAN DEON 


xhibition made up from the documented drawings and water colors con- 
tained tn the Index of Aweriean Design. Six drawings, togettier with data sheet, 
for use in an Exhibition of Malue Art, opening Apell 14, 1044, were shipped to 
Colby Cotloge, Waterville, Mé,, and were returned 16 the Gallery June 18, 2084. 

Ninety-five dupllente data shoots of Mexas material contained tn the Todex, 
from whlch to make a selection of photographs, were shipped to the Untrerulty 
Of Texas, Austin, Tex, on June 27, 1044. 


women WALD FEINTS 


‘A traveling exhibition, consisting of 85 prints from the Lemilng J, Rosenwald 
collection, Sent ot May 6, 1044, to Brook Meworlal Art Gallery, Metwphin, 
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‘oun.; then to the Virgitta Ahixeats of Fine Arts, Richmond, Va, on June 12, 
21044, from where it will be retarued to the National Gallery of Art about Angust 2, 
to be held for further booklags. 


‘YAMIOUS GALLANY acrtvEnus: 


In the period from July 1, 1948, to June 40, 1944, 9 total of 58 con- 
certs were given, of which 82 were in the East Garden Court on Sun- 
day evenings and one on Saturday afternoon in the Auditorium, ‘The 
concerts were free to the public, and were attended to capacity, The 
National Gallery Sinfonietta, under the direction of Richard Bales, 
played 18 concerts, An American Festival of works of native com- 
posers was held during March and April, 194, when five perform- 
ances wore given, 

‘The Sunday night suppers for servicemen have been continued 
during the year, approximately 35 being served euch. Sunday in the 
cafeteria at the Gallery. Funds to defray the cost of the suppors were 
contributed hy members of tho staff and by friends of the Gallery. 

A total of 198 special permits to copy paintings in the National 
Gallery of Art were issued during the fiseal year 1944, and 72 special 
permits wore issued during tho suine period to photogruph paintings. 


CURMTURIAL DEPAIEMENT 


During the your the work of tho curatorial department consisted 
mainly of installing « large nnmbor of gifts and additional works of 
art from the Widener collection ; arranging 17 temporary exhibitions; 
cataloging paintings, seulplure, and prints; assisting the American 
Commission for the Protection and Salvage of Artistic and Historie 
Monuments it, War Areas by providing information on damaged and 
looted works of art in war arvas; and the assumption of additional 
responsibility resulting from the appointment of the ‘Trustees of the 
Gallery as custodian of works of art and exhibition materinl sent to 
this country under the auspices of tho former French Government. 

‘Two publications, “Great American Paintings from Smibert to 
Bellows.” edited by John Walker and Mucgill James, and “Muster- 
pieces of Painting from the National Gallery of Art,” edited by Hunt- 
ington Cairns and John Walker, were prepared with the ussistance of 
members of the curatorial dopartment. One book, two catalogs, and 
threo pamphlets were issued by the curatorial and educational depart- 
ments in collaboration, Six members of the staff contributed eight 
urticles to several periodicals and pamphlet series, 

During the past year approximately 622 works of art wer sub: 
mitted to the acqnisitions committee (the largest individual gift being 
490 prints and drawings to bo added to the Rosenwald collection) with 
recommendations regarding: their acceptability for the collections of 
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the National Gallery of Art; 45.priynte collections were viewed in 
connection with offers to the Gallery of gifts or loans; 94 consiltations 
were held concerning 130 works of art brought to the Gullery for 
expert opinion; and 68 written replies were made to inquiries in- 
volving research in the history of art. 


RESTORATION AND REVAIR OF WOKICS OF ANT 


With the authorization of the Board, and the approval of the Diree~ 
tor-and Chief Corator, the necessary restoration and repair of paaint- 
ings and sculpture inthe Gallery's collection were made by Stephen 8. 
Pichetto, Consultant Restorer to the Gallery. All the work was com: 
pletod in the Restorer's studio in the Gallery with the exception of 
several paintings that required restoration beforo shipment to Wast- 
ington, and one where the work was of such a delicate and complionted 
rinture that it-was necessary for the work to be done in Mr. Pichetto’s 
New York studio. 

DUCATIONAT. PROORAS 


More than 72,000 people attended the various progruns conducted 
by tho edueational department during the year. ‘The Gallery tours 
‘bf tho collection attracted nearly 15,000 people, while 22,000 attended 
thePicture of the Week,” a 10-minute discussion of a single painting 
given (vice daily on Mondays through Fridays, More than 9,000 
inttended the regular lectures on special topics delivered by the educn- 
tional staff and guest speakers. 

Diiring the first 4 months of the fiseal year, a new project undertaken 
by tho educational department was that of an autoniatie: program 
(no speaker) employing 2 x 2 Kodachromes and titles on slides, en- 
titled “What To Seo in the National Gallery of Art—A Suggestion, 
for Your First Visit.” This program was accompanied by recorded 
music, and more thai 15,000 people uttended, 





samnany 


‘Tho moat important contribution to the library during the year was 
the art library of the late Josoph E, Widener, This gift consisted of 
1,878 books und 879 periodicals. 

‘As a gift from Solomon R, Guggenheim, the library received the 
Richter Archives, consisting of over 60,000 photographs and reprodue- 
tions. Mr. Guggenheim also gave 97% photographs of art objects in 
tho Solomon R. Guggenheim collection. A number of books on works 
of art were also added to the library collection through funds donated 
by Capt. Paul Mellon. 
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PHOTOGRAPHIC DEPARTMENT 


During tho fiscal year 1044, the photographie Inboratory of the 
Gallery made 6,037 bluck-and-white prints and 510 black-and-white 
and 1,117 color slides. 

orm orm 


In the fiseal year endod June 80, 1944, gifts of books on works of art 
and related material were mado th the Gallery library by the Honor- 
able Solomon Bloom, Mrs, Juliana Fores, Mrs, Victor Harris, Mucgill 
Tames, Pyt, Lincoln Kirstein, Leander McCormick-Goodhart, Capt. 
Paul Mellon, Lamont Moore, John H. Morgan, W. Francklyn Paris, 
Duncan Phillips, and Maj. Ray L. Trautman, "Gifts of money. were 
made to tho Gallery during the year by Mrs. Florence Becker, David 
EB pale) ‘Mrs. Deering Howe, Mr. and Mrs. Macgill James, Life 

¢, Mrs. H. A, MeBride, Capt, Paul! Mellou, Donald D, Shep- 
ard Col, and Mrs. 0.4. Troster, andthe late Joseph B. Widener, 





AUDIT GP Private FUNDS OF ‘THK GALLERY 


An audit is being made of the private funds of the Gallory for the 
year ended June 20, 1944, by Price, Waterhouse & Company, public 
accountants, and the certificate of that company on its examination 
of the accounting records maintained for such funds will be submitted 
to the Gallery. 

Respectfully submitted. 


‘Tue Srcrerany, 
Smithsonian Institution, 


F.L. Bum, Acting President. 





APPENDIX 3 
REPORT ON THE NATIONAL COLLECTION OF FINE ARTS 


‘Stn; have the honor to submit the following report on the activities 
of the National Collection of Fine Arts for the flsoal year ended Juno 
20, 1944: 

arrnormarions 


For the administration of the National Collection of Fine Arts by 
the Smithsonian Institution, including compensation of necessary em- 
ployees, purchase of books of reference and periodicals, traveling 
expenses, and other necesstry incidental expontes, $17,480 vas allot- 
ted, of which $6,964.74 was expended in conneetion with the care and 
maintenance of the Freer Gallery of Art,» unit of the National Collec- 
tion of Fino Arts, ‘The balance was spent for the care and upkeep 
of the National Collection of Fine Arts, nearly all of this sum being, 
required for the payment of salaries, traveling expenses, purchase 
of books and periodicals, and necessary disbursements for the care 
of the collection. 


‘Tite SMITHSONIAN AWT COMMISSION 


Owing to crowded transportation conditions and Inck of proper 
hotel facilities, it was decided to omit again the December annual 
meeting of the Smithsonian Art Commission, Several proffered gifts 
of axt works have been deposited with the Nutional Collection of Fine 
‘Arta to be passed upon at the next meeting of the Commission. 

‘The Commission lost one member by death during the year. Dr. 
Frederick P. Keppel, a member of the Commission since 1932, died 
September 8, 1943. 


‘ID: CATHERINE WALDEN MOVER FUND 


Four miniatures, water color on ivory, were acquired from the fund 
established through the bequest of the Into Catherine Walden Myor, 
as follows: 

42 “Charles Carroll," by Henry Inman (1801-1840); trom Mra, Dorn Lee 


Cortls, Arlington, Va. 
48, “Willlam B. Dickson," by Rembrandt Peale (1778-1800) ; trom Mra, J, 3, 


‘Hooper, Washington, D. C. 


4198304134 39 
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44, "Kuthorise Douglas Dickeon,” hy Raptiae? Peale (1774-1805) ; from Mrs. 
4. J. Hooper, Washington, D.C. 

45. “British Oficer,” by Alfred ‘T. Agate (1512-1846) ; trom Miss Eilzaboth A. 
fmHamel, Washington, D. C- 


LOANS ACCEYTED 


A miniature, *Otto, Count de Mosloy,” by Charles Willson Peale, 
1779, wns lent by Dr. L. P. Shippen on September 24, 1943. 

An oil painting, “Portrait of Mrs. Stephen Decatur, nee Susan 
Wheeler (1776-1860).” by Gilbert Stuart (1755-1828), and four 
crayon drawings on paper, “Portrait of Ann Decatur Pine,” “Portrait 
of Capt. James McKnight,” “Portrait of Capt. Stephen Decatur, Sr. 
and “Portrait of Ann Pine McKnight Decatur,” by Saint-Memin 
(1770-1862), were lent by Mrs. William F, Muchold, nee Sarah Morris, 
‘on November 22, 1943, 

‘Thirty Chinese jade ornaments wero lent anonymously on March 1, 
1944. 

A mininture, “Col, Nathaniel Darby,” by an unknown artist, was 
lent by Dr. L. P. Shippen on March 25, 1944. 

‘Two miniatures, “John Church Hamilton,” and “Unknown Lady,” 
by Alfred T: Agate (1812-1846), were lent by Miss Elizabeth A. 
DuHamel on April 7, 1944. 

A. miniature, “William Parsons, 2nd, of Gloucester, Muss.” by 
Washington Blanchard (ac, 1831-48, Boston), was lent by Mrs, Alba 
Walling on May 18, 1944. 

An oil puinting, “Portrait of Et, Gen. Mark W. Clark,” by M. Arnold 
‘Nash, was lent by Mrs Mark W. Clark on June 7, 1044. 














LOANS TO OTHER MUSEUSIN AND OWIANTZATIONS 


‘The following 18 paintings were lent to the Civilian Medical Di: 
vision, Office of the Secretary of War, Dr. F. C. Sinith, Medical Di- 
rector, Room 1 E i6, Pentagon Building, on July 21, 1948, with the 
understanding that they ean be recalled at any timo. 


“Btreot Scene In Afmuere,” try Willum $, Bagstatopeates, 
“Peshawar Clty from the Fort," by Willian: § Bagdatopoulos 
"Pouchhloom,""by Allee Pike Barney. 

“Landscape with Pood,” by John L Benwett. 

“The Woodland Way.” by Willlam Baxter Clorson. 

“Joyo Chikdhond." by Willian Baxter Clowon. 

“Near the Ocean," by Robert Swalh Gifford. 

Oa the Lagoon, Veniew* by Robert Swalii Gittord 

“Landscape with Winidmll,” by B. Landseer Harri 

Great Silas nt Night,” by Robert C. atinon: 

“<The Brook,” by Clinton Ogitvie. 

“The Patrisrebs, Zion National Purk," by Gunnar Wiltorss, 
“The Artist's Children," by Jon Wood, 
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‘A marble statue, “Greek Slave;” by Hiram Powers (without the 

), was Tent to the Metropolitan Museum of Art, New York 

City, for an exhibition “The Grok: Revival in the United States,” 
November 8, 1043, to Murch 1, 1944. (Returned March 7, 1944.) 

‘Pwo oil paintings, “Cliffs of the Upper Colorade River, Wymoing 
Territory," by Thomas Moran, and “Fired On," by Frederic Reming- 
ton, were lent to The Museum of Modern Act, New York City, for wn 
exhibition of “Romantic Puinting in America,” November 17 through 
February 6,144. (Retumned Februnry 18, 1944) 

‘An oil painting, “Thomas A. Edieon Listening to his First Per- 
fected Phonograph,” by Col. A. A. Anderson, was lent to the Depart- 
ment of Engineering and Industries, United States National Museum, 
on February 11, 1944, to be used in counection with « special exhibition 
‘commemorating the ninety-seventh birthday of Edison, (Returned 
March 3, 1944.) 

‘Phe following five miniatures were lent to the Lyman Allyn Museum, 
New London, Conn., to be included in the exhibition of John Tritm- 
bull and his contemporaries from March 5 to April 16,1944, (Re- 
turned April 19, 1944.) 

“Mr, Nichol," by John Wesley Jurvis, 

“Bitzabeth Oliphant,” by James Peale. 

"liaubeth Knapp.” by James Peale. 

“Robert Oliphant," ty Raphael Peale, 

“Rubews Peale." by Raphise! Peale, 

‘An oil painting, “Portrait of Frank B. Noyes,” by Ossip Perelma, 
ras lent to the artist to be shown in connection with his exhibition of 
portraits held ut the Mayflower Hotel, Washington, D, C., May 9 to 
June d, 1944, (Returned June 9, 1944.) 








WITHDRAWALS BY OWNERS 


‘The following six paintings, lent ly the Rev. F. Ward Denys, were 
witlidrawn November 8, 1948, by tho executor of his estute, the Ameri- 
can Security and Trnst Company, 

‘ane Salutation," copy: utter Albertine 

“Holy Family." cony after Del Sarto, 

“Gathering Flowers” ty H Kester. 

“St. Michued and the Dragon,” copy after Guido Reni. 

“Madonun and Ud" eon Atte Pergo. 

BU Anibniy aid the Llons.” by unknown west 

‘The bronze statuo of Lincoln, by Augustus Saint-Gaudens, lent by 
the estate of Mrs. John Hay, was withdrawn, December 13, 1943. 

‘An oil painting, “Portrait of » Dutch Girl,” by Jun Victoors, was 
withdrawn December 31, 1043, by Mrs. Feroline Perkins Wallach, 
Administratvix of the Estate of Cleveland Perkins. 
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‘Two oil paintings, “The Windmill,” by Salomon Ruysdasl, and 
“Portrait of x Dutch Girl,” by Paul Moreelse, were withdrawn May 
15, 1944, by Mrs, Feroling Perkins Wallach, Administratrix of the 
Estate of Cleveland Perkins 


‘THE HENRY WALD RANGER FUND PURCHASES 


No, 118 entitled “Fifteenth Century Freneh Madonna and Child,” 
by Harry W. Watrous (1857-1940), was assigned by the Council 
of the National Academy of Design to the Coker College for Women, 
Hartsville, 8. C,,on August 4, 1943. 


(THe NAYIONAL COLLECTION OF FINE AIS REFERENCE LIoRART 








‘A total of 651 publications (29 volumes and 822 pamphlets) were 
‘ccessioned during the year. ‘This number includes 171 volumes and 
2 pamphlets added by purchase, and 60 volumes of bound periodicals, 
‘The Purke-Bernet priced catalogs accounted for 81 volumes and 45 
pamphilets among the purchases, ‘The other accessions were publica- 
tions received in exchange or as gifts, 


OTHER ACTIVITIES 


‘The following paintings have been cleaned or restored since July 1, 
1943; 


“Portrait of Audrew Jackson," by Thomas Sully. Property of the United 
‘States Capitol, 

“Portrait of Commodore Oliver H. Perry,” by Jobn Wesley Jarvis (or after). 

‘of the division of history, United States National Museu, 

“City of St. Louis,” by George Catlin, Property of the division of ethnology, 
United States National Museum. 

“Ela-wou-Jotn', the One Horn. Sioux (Dah-Co-Tn)," by George Catlin. Prop: 
erty of the divlalon of ethnology, United States National Museu. 

‘View on Upper Missourl—Back View of the Mandan Vitlage," by Goorge 
Catlin, Property of the division of ethnotogy, United States National Museum, 

“Buttalo Hunt undur the Wolfalin Mak,” ty George Catlin, Property of 
the division of etbiiology, United States National Musotim. 

‘“portealt of Kobort Moria." liy Gilbert Stuart (or after), offored to the Nie 
onal Collection of Fine Arts by the Medical Soclety of tho Dixtrlet of Columbia, 














SPECIAL EXIIMETIONS 





‘The following exhibitions were held: 

October 6 through $1, 1043—Exhibition of 13 oil and 2 varnish 
paintings, 4 water colors, 1 gounche, 4 pencil drawings and 2 etchings, 
by Ceferino Palencia, of Mexico, was sponsored by the Mexican Am- 
bascador and the Pan American Union. A catalog was published by 
the Pan American Union. 
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December 3, 1943, through January 2, 1944.—Exhibition of 74 water 
colors of Mexico, by Walter B. Swan, Omaha, Nebr,, was sponsored 
by the Mexican Ambassador and the Pan American Union. A.estalog 
svas published by the Pan American Union, 

‘December 14, 1943, through Jantuary 16, 1945—Eshibition of 82 
miniatures by 12 artists, by the Pennsylvania Society of Miniature 
Painters, Reprint of catalog was published by the National Collec- 
tion of Bine Arts. 

January 6 through 30, 1944—Exhibition of 21 water colors and 20 
block prints, by Ralph H. Avery, C. Sp, (P.), United States Navy. 

February 4 through 7, 1944—Joint exhibition of paintings by 
John Mix Stanley (1814-72), his daughter-in-law, Jane C, Stanley 
(1803-1040), and her daughter, Alice Stanley Acheson, consisting of 
40 oil paintings, 8 chromolithographs, and T stall lithographs by 
Fohn Mix Stanley, a photograph of John Mix Stanley, and » book 
entitled “John Mix Stanley and his Indian Paintings," by W. Vernon 
Kinieta; 40 water colors by Jane C. Stanley, and 98 oils by Alice Stan- 
ley Acheson. A catalog was privately published. 

“April £9 through May 2, 1944—Biennial Art Exhibition of 20 
wrater colors, 41 oils, 4 etchings, 2 pastels and 4 pieces of sculpture, by 
the National League of American Pen Women, A catalog. was pri- 
vately published. 

May 2 through 28, 1944—Exbibition of ‘Portraits of Lending Amer- 
ican Negro Citizens," 8 by Mrs. Laura Wheeler Waring, of Phila- 
delphin, Pa., and 15 by Mrs, Betsy Graves Reyneau, of Washington, 
Do 

“June? through 28, 1954—Exhibition of 78 rural printings from the 
caves of India, and 16 paintings of modern India, by Sarkis Katchn- 
Aourian, of New York City. A catalog was published by the State 
Department. 





PUNLICATIONS 


‘Tousam, RP, Report on the National Collection at Fine Aris for the year 
‘ined. June 80, 1049. Appendix 8, Heport of the Secretary of the Smith- 
fotian Tnatitation for thn year ended June 40, 1948, pp. B40. 

Wenner, A.G. Report on tha Frver Gallery of Art for the year ended June 20, 
“IDS. Appendix 4, Report of the Secretary of the Smithsonian Instltalion 
for the year ented June 80, 1048, yp. 1-40. 


Respectfully submitted. 


‘Tun Secarranr, 
Smithsonian Institution. 


RB. P. Toraan, Acting Director. 


APPENDIX 4 
REPORT ON THE FREER GALLERY OF ART 


Stm: T have the honor to submit the twenty-fourth annual report: 
on the Freer Gallery of Art for the year ended June 30, 1944: 


‘rite colmmer1oNs 
‘Additions to the collections by purchase are as follows: 
aor 


43.9, Chinese, 12th century B. ©, Shang dynasty. Ceremonial vessel of the type 
tu. Light green patina with patches of sleery gray inside and ont; 
fcrastations of euprite nud native copper Inside and oat. Surface 
design inclved and Med with a reddish pigment. A two-charneter 
tnseriptlan inalde the font, 2288 3 Q167 over a 

441. Chinese, 2th century BC. Rhang dynasty. A ceremonial yeae ot the 
type ion. Light green patina inerustatiooe of cuprite and wxarite 
Intl "Truoen of red an black pigments fn the dewign. A throe-hae- 
fcterInserition wth yt Asing Inside on the bottom. 0297 x 0281 over 
all Citastrated) 

443. Chinese, Han dyhasty (200 B.C-A. D. 221). Mirror, Surface: a black 
tating with overlay of green aerugo on the face and ox the tlm of the 
tick. Decoration In low rollef with fone characters arvind the bose 
Dinmoter: 0242 

4A Chineae, ang dynasty (AD. 18-007), Mirror, Surface: bright 
nilvers patina with patches of green worugo, Trcoratior of Dini, nt: 
tauls inveety, and fers i role, Dintietr 0202 

445. Chinese, ‘Tang dynasty (AD. 638-007), Mirror. Surface: 9 atlvery 
patina with occasional patches of green avetgs. Decoration of geapan 
Uirds and animals I bold relief. Diameter: 0212 

464 Chinest early fan, Od century H.C. Mirror. Surfuen: a tdrnlabed slvery 
patina with patches of green nerugo, Decoration: fine incised: back: 
rou with doelgns in Sat rellof wuperlinposnd, Diameter: 0200, 

4A, Chinese, Sul dynanty (A.D. S81-GHA), Mirror, Surtuos? a beleht allvery 
‘fina with emai of geen Iaeqner spied over the edge’ bows lncrastd 
With green aeruge. Drevratinn in clef with additions of red. acd 
green plement. Inscription of 27 characters. Diameter: 0.184. 

445 Chines, Tung dynasty (A, D. 618-007). Mirror. Surface: » tarnished 
Wivery patina covered with patthes of green aérugo. Decoration: 
Jaequer Inlaid with silver and gold. 0.150 x 0.150. 

440. Chinese, 94-24 contury B,C. Mlrtor, Surface a black patina with patches 
lf green nerugo, Decoration; backround Ince with « rmooth elalne 
band and 5 seven-polnted star superimposed in countersunk relief. Dir 
ante 000, 

44.10, Chinese, 9490 contary R.d, Mirror. Sartuce: Dinca with patches 

‘of green aerugo. Decoration in low linear relief, Dinmeter: 0.142. 
“ 











“Secor Regt Aopen 4 mare} 
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Je COLLECTION OF THE FREER GALLERY OF ART 


Recent Aborrians 72 


Pusre 2 





44.17 





44.20 


RECENT ADDITIONS To THE COLLECTION OF THE FREER GALLERY OF ART, 
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4421. Chinese, Sang Ayiuaty, Ko ware Dish with sloping aldes and atz-foll 
Him. Body of hard, dark gray clay showing brown on the foit-rim, cov 
‘ered with an opaque, boftgray glase with medium erackle and some 
‘mmall (ron spots. (081 0.18% 

4422 Chinese, Sune dynasty, Yoeh ware. Round, covered box with w design 
‘of tree flowers enrved {n Low rellef on the top. Body of hard the 
(grained. modlan-gray clay, covered with frhngparent, greentab-gray 

by finzo which shows groen in thicker areas. 0.0062 x 0.137 

4418-Chinew, Ching dynasty, Ch’len Ling period. Palr of bowls, each, with 

Tid. ow wtem uttvched tate a free-moring reticalated base, Tho body of 
tach ie of white gorcelatn, covered with a pore white giiw pom which 
the decoration Is painted {n overgiax enamels. The haey of each le 
laged in celudon. On the foot of eich stem a sixcharacter mitt of 
fhe Chien Lung period tn wnderginze blue. 44:14, 0.31 x 0.164 over alls 
44.4, 0285 x 0.163 ver all. (4414 Ulustrated.) 

4415. Chinese, Sng dynnery. Thug ware. Small plate, with w slight copenrity 
‘ava a narrow rim, boand ti betes The body ts of white porcelasious 
Clay, covered with n lustrous, cremmarblte glize ‘The decoration of 
hobs Yottines, ani iter pliints in atight reliet ander giane 0.07 x 03140 
(alameter), 





anne 


a8. Chiveso, 18th contury. Chiten Lang petlod (1797-95). A tripod rented of 

Sere the ting type with w cover surmount bya ton sean; aanptnr handles 
MHopendiig from dragin Ives In rollet; all curved frou « single pecs of 
White pepurite. Wood stiind. 02902 0.288 over all. 


scares 


1419, Jopaiven, late 17th Gentury. Writing box Canzwrt-bako) An polled blade 
Teguise (r4ro) decorated in gold wud pewter, Brome water bax. (rmisw= 
ee) and in tuk ston; two trays 0.001 x 0200 x 0221, 

4490. Jopanese, 14th century, Late Kamakura, Shall cabinet: (kodaman) to 
Patished Diack iacyuor (rivird) ow turuiag brown. Decorations if 
Phrgmantheanaas, grasses, butterdlen, and vines exeeutl In gold. aud 
fiatber-of-pmarl, Six drawers amd to doors ; lock, hinges, ete tn az, 
‘hineied bronze. 0.280 x OH x 0218. (Tilustrated). 

4421 Jepanore, 10ik eentney. Painter's box Ce-bako) tn two parts with cover 
ad tray In uppet parts Polished black lacquer (rédro) Aniald with 
<cloely cot small eiryminthenums of mother-of-perl, whose anefaces aco 
fengraved with the Tines of the peints 0.208 x (L172 x 0258, 

4428. Inpanenn tate-1hih conturs. Letterbox (fu-bako) with goldecked ground 
Maaehifiy wren which the decoration Ix executed In varying ton of 
ald anit pilver, Silver ittiige. 0076 x 0250 x 0.006, 

4420 tupanese, dated tn correspondence with A.D. 184. fy Xumamota Shun 
Thi Mouicine chest (yukwed), Polished lack lacquer (ribaro) com 
talning six drawers: ullvee ecrney mouutings Decorations executed tn 
Diack logue? tH Pellet dnd ty gold ahd red. Toseriptinn of 14 characters 
Toctoding ite, signature, nnd Kakihon: One scol. 086 x 0828 x 0.198. 

“4182 npanese, 17eh-10th century. Three writing boxes (nusurt-bako)- 


| ‘tas 
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44.27-Japanese, 17th-18th century. Eighfeen medicine enses (ino) of varying. 
4444 typed and denigne 
Incl, 
aascure 


4417, Armentan, 1th century, The Gospel according to the four Brangelists, 
Original binding of tooled brown teather, the top cover adored with m 
eruclform design exeuted In allver talibeuds: at {ty center a squire 
‘ergstal coutaining a Greek ross eut luto {t frum aullerneatt ; other axl) 
silver appliqués (some missing). ‘The text Is written on 552 parchment 
leaves {n double columns, in Bolorgir or “round hand," in black, gold, and 
Sceastonnl blue, red, and green. Initials, paragraph title pages, arcades, 
and four fai-page miniatures with figures of the vaogellste—exeeuted 
tn color’ and gold. Dated colophous. 0244 x 0170 orer all 
0240 x 0.100 ayernge page. (Page 28 fHlustrnted.) 


aneta 


42:10. Chinese, dated in correspondence with A.D, 15H. Ming dynasty. By 
‘Wen Pi (Cheng-milng), 1470-1500, Chrysunthennmus and plno tres. tok 
Painting on paper scroll, Dated and signed by tho artist; two cote 
phons, one by the nrtiat; 20 veala. 0.75-x 0.015, 

44.16, Chioese, dated tn correspondence with A. D. 1054. Ch'lng dynasty, By 
‘Tach! (AL ciros A.D. 1002-1706). Landscape. Ink and slight color ona 
‘Diper seroll, Tnseription, slenattire, and four seals on the palnting ln 
scription und three seals on the wionnt, 204 x 8.182, 

44.4%. Jupanese, dated tp correspondence with A.D. 1773. Attributed to Gkyo. 
Piigrims going to Hasedera In the springtime. Golor nnd ink ou a 
silk kukemono, Inseription, slgnnture, two seals, O447 x 0512, 

sroxe scourrom 
A2 Chinese, Beh century, Tang dynasty, “Head belonging to the dancing 
figure fn the prncessional rellef 242 (reattached). 0.115 x 0,068 x 0.008 
The work of the curatorial stuf has been devoted to the study of 

new acquisitions and of other objecta submitted for purchase, from 
the fields of Chinese, Japanese, Arabic, Persian, and Indian fine arts, 
Such work involves comparative study, reading of inscriptions and 
seals, written reports, and so on. In addition to the work within the 
collection, reports, either oral or written, were made upon 658 objects 
and 122 photographs of objects submitted for examination by their 
owners, and 44 inscriptions were translated. A large part of the time 
of staff members has been given to work directly contributing to the 
war effort, summarized as follows: 


war wom 


Members of the staif devoted many hours both inside and outsidle 
regular hours to work for several Government agencies. Five 
hundred forty-two typed pages of Japanese translations were made 
tor the Office of Strategic Services; and a revised translation of 
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Guide to Signs and Symbols used on Chinese military maps were made 
and a compilation of a glossary of Chinese geographical and topo- 
‘graphical terms was edited and revised for the Army Map Service. 
‘The Chinese character for “Victory” was made for an artist to be 
used in connection with » publication on the United Nations. Photo- 
graphs made by the Freer Gallery field staff in China were reproduced 
for the Military Intelligence Division of the War Department (27 
prints), For another agency, several Japanese documents were ex- 
amined. 


Other services have been given to various persons, For example, 
63 photographs of Chinese paintings were presented to Dr. Shih- 
chich Wang, Secretary General of the People’s Council and Central 
Planning Board of China and a member of the Chinese Goodwill 
Mission; 537 photographs were given to members of the armed ser- 
vices who visited the ofices; 2¢ military students of the School of 
Foreign Service, Georgetown University, were shown through the 
Chinese exhibition galleries; and in Santa Fe, N. Mex., a lecture on 
“Flower Painting in the Near and the Far East” was given by a stall 
member using Freer Gallery material, for the benefit of the Indian 
Service Club. 


CHANGES Iv EXHIRIMON AND REPAMES TO THRE COLLECTION 
Six hundred eighty-eight changes in exhibition have been made, ns 
follows: 








‘American prints (Whistler) : 
Etchings, 32; lithographs, 21. 
‘Biblical manuseripts, 6. 


Repuirs to the collection were #s follows: 

One Chivese hironze repalred ; 1 Persian palnting remounted; 5 Japanese patnt- 
{ngy remounted ; 31 Chinese paintings bound in portfolle form. 

‘Sculptured head 442 cemented upon its original place on the gure cf the 
dancer of the Chinese Buddhist relief 42, 
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ATTENDANCE 


‘The Gallory has heen open to the public every day from 9 until 
4:80 o'clock with the exception of Mondays und Christmas Day. 

‘The total attendance of visitors coming in at the main entrance 
was 62408. Fifty-four other visitors on Mondays bring the grand 
total to 62,462, The total attendance on weekdays was 35,610; Sun- 
days, 28,708, ‘The average weekday attendance was 187; the average 
Sunday attendance, 515. ‘The highest monthly attendance was 1% 
‘August, with 6,789 visitors, the lowest in Docember with 9,304 visitors 

‘There wore 1,279 visitors to the main office during the year; the pus- 
poses of their visits were as follows: 
or general Information... 










‘To wow exhibition golleries ow Monday... 
‘Ty examine or purchuse photogtaphs and alides. 
‘To mbmnlt objects for examination — 2 
Mo wee objeetx In wtornge—— 
Washington Monurcripte— 
Par Bastern paintings nod textiles 
Near Eastorn paintings and manuscripts. 
‘Tibetan paintings. 
Indian paintings. 
Amerionn painthogs. . 
Oriental pottery, Jade, browse, iacqier and bamboo. 





BedoeuotBe 




















woate SEE 


DOCENT SERVICE, LECTUNES, #70, 


By request, 2 groups met in the study rooms and 18 groups in tho 
exhibition galleries for instruction by staif membirs, ‘Total num- 
bor of persons, 821. 

Taunary Bt, LMA: ‘The Director attended a meeting in New York 
of the Committeo of the American Council of Learned Societies on 
Protection of Cultural Treastires in War Areas. 

February 10, 1044:- A lecture by Miss Guest, on “Flower Painting in 
Persin and Chinn,” before the American Association of University 
Women. 

‘Two lectures by members of the Civil Service Commission were 
given to supervisors in the auditorium, ‘Total attendance, 224. 
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PERSONNE 


Weldon N. Rawley resigned from the Civil Service position of 
superintendent of building (CAF-8) August 15, 1948, He was ap- 
pointed by the Freer Gallery ax superintendent of building, court 
and grounds, August 16, 1943. 

Ritu W, Edwards resigned from the Civil Service position of senior 
clork-stenographer (CAF-3) October 8, 1043. She was appointed 
by the Freer Gullory 4s administrative secretary to the Director, 
October 9, 1948. 

‘Ruth W. Holsley appointed senior clerk-stenographer (CAF-5) 
October 9, 1943, 

‘E. Harriet Linke clerk-stenographer (CAF-4) transferred from the 
Library of the Smithsonian Institution Octobor 9, 1948, 

Grace C, Grifith appointed litarian for a period of 1 year October 
25, 1043, 

‘Blizabeth Hill Maltby, former librarian, trained Miss Griffith for 
the position of librarian October 25-December 13, 1043, 

‘Thomas R. Fullalove, painter, who was retired an necount of dis- 
ability February 15, 1987, died on November 22, 1943, 

Bortie Turner, attendant at the Gallory since November 17, 1920, 
retired on Novanmber 80, 1943, 

Ruth W, Helsley, senior clork-stenographer, resigmed on ‘December 
4,108, Sho first came to the Gallery on November 22, 1920, resigned 
‘on Februnry 28, 1922, and was reinstated on May 5, 1990, 

“Alig Copeland appointed attendant, (CPC-2) December 9, 1948. 

E, Harriot Link promoted to senior clerk-stenographer (CAF-8) 
December 9, 1943. 

Groce C, Grifith, librarian, was married to Charles Maxwell Bar- 
nett, United States Army Air Forces, on April 15, 144. 

Burns A. Stubbs resigned from the Civil Service position of chief 
scientific nid (SP-8) April 28,1044, He was appointed by the Freer 
Gallery ns ussistant (o the Director on April 24, 1044, 

Glon P, Shephard yas appointed museum aid (SPA) from guard 
(CPC-+4) April 24, 1944, 

Graco ‘T. Whitney worked intermittently at the Gallery in the 
Near East soction between December 2, 1948 and Juno 21, 1944, 

Other changes in personnel are ns fc 

Appointments—Alfred Hewitt, a guard on the day watch since 
August 1, 1996, promoted to sergeant (CPC-5) July 1, 1943. Glen 
P. Shephard, guard (OPO-1), from military furlongh, July 1, 1043, 
Charles W. Frost, guard (CPC), by transfer from Airport Detach- 
ment No, 5, Gravelly Point, Va., August 27, 1943, Ethel Anderson, 
charwoman (CPC-2), by transfer from the United States National 
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Museum, December 9 1949. Goorge Jonathan, guard (CPC-4), ap- 
pointed December 15, 1943. Pearl Fisher, charwoman (CPC-2), 
‘appointed December 23, 1943. Milton Williams, laborer (CPC-2), ep 
pointed May 1, 1944. Victoria L. Dickerson, charwoman (CPC-2), 
‘appointed May 4, 1944. George S, Young, cabinetmaker, appointed 
by the month for special help in the shop, May 8, 1944. 

Separations from the eervice—Gvorge 8, Young finished temporary 
employment as cabinetmuker, November 4, 1948, Julia A. Robinson, 
charwoman (CPC-2), transferred to the United States National 
Museum, December 8, 1043, Pearl Fisher, charwoman (CPC-2), re- 
signed March 22, 1914. Walter McCree, laborer (CPC-2), on in 
definite furlough for naval duty, April 4, 1944. 

‘Respectfully submitted. 


‘Tue Srowrranr, 
Smithsonian Institution. 


A. G, Wexner, Director. 


APPENDIX 5 
REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY 


‘Sm: I have the honor to submit the following report on the field 
researches, office work, and other operations of the Bureau of Amer- 
jean Ethnology during the fiscal year ended June 30, 1944, conducted 
in aceardance with the act of Congress of June 26, 1943, which pro- 
vides “* * * for continuing ethnological researches among the 
American Indians and tho natives of Hawaii and the excavation and 
preservation of archeologic remains, ° * * 

‘During the fiscal year emphasis on activities concerned with Latin 
America has continued. 

Dr. W.D. Strong, Director of the Ethnogeographic Board, planned 
to return to hix duties at Columbia University soon after the close of 
the fizeal year, and the work of the Board will thereafter be conducted 
entirely by members of the Bureau staf 

‘As tho war continues and the need for specialized information grows 
leas it is expected thut the Bureau may gradually assume more of its 
normal duties. 





SYSTEMATIC IESEARCHES: 


On January 28, 1944, Dr, M. W. Stirling, Chief of the Burean, left 
Washington on the Sixth National Geographic Society-Smitheanian 
Institution expedition to Mexico. ‘The month of February was spent 
jn the stntes of Michonein and Jalisco, where « photographic record 
vas made of lacquer working in Urnapan and vicinity, and of pottery 
making in Tlaquepaque. Ethnological pictures were maile depicting 
the activities and customs of the Tarascan Indinns of Lake Piitzouaro, 

From the beginning of March until the middle of May, an archeo- 
logieal reconnaissance was conducted in southern Veracruz, Tabasco, 
and Campecho, with the principal objective of finding the extent of 
the early La Ventaculture inthis area, Several new sites were Jocuted 
6 a result of this survey, and photographic records were made of « 
number of private archeological collections. 

Dr. Stirling returned to Washington on May 22, 1044. 

Daring the year a report by Dr. Stirling, “Stone Monuments of 
Sonthern Mexico,” was issued as Bulletin 138 of the Bureau, 

‘During the year just passed, Dr. John R. Swanton, ethnologist, 
completed the reading of proof for Bulletin 137, “The Indians of the 
Southeastern United States.” 


27742 
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‘A study of the much discussed Norse expeditions to America was 
undertuken and s manuscript completed embodying the results, 

During the course of the year Dr. Swanton furnished to the Navy 

nt more than 1,000 Indian tribal names and names of prom 
inent Indians, to be ased for naming war vessels. Approximately 200 
of these have been used. ’ 

On June 30, 1044, Dr. Swanton retired from the Bureau after 
almost 44 years of service, 

Dr, John P. Harrington, ethnologist, continuing his American Tn~ 
inn linguistic studies, discovered evidence suggesting that Quechua 
und Aymara, the languages of the two most highly civilized groups 
of aboriginal South America, are related to the Hokan stock of western 
North Americ ‘This is the first time that a linguistic relationship , 
has been indi d between North and South Ameri In addition 
to this Dr. Harrington has reduced the number of linguistic stocks in 
South America by establishing the relationship of many groups provi- 
‘otisly considered to be separate. 

Because of his unique knowledge of languages, Dr. Harrington has 
heen called upon daily by the Office of Censorship to translate letters 
writton in little-known langaages from nll over the world. 

‘During the year several short papers on linguistic subjects have been 
published in scientific journals, 

On July 5, 1943, Dr. Frank H. H. Roberts, Jr, senior archeologist, 
went to Abilene, Tex.. where he spent 5 days investigating » prehistoric 
Indian burial which had been exposed 21 feet below the surface in w 
bank of the Cloar Fork of the Brazos River by floodwaters and which 
was in danger of being washed away by a now rise, Studies of the 
deposits at the site showed that the burial had been made during the 
closing days of the Pleistocene or the beginning of the Early Recent 
geologio period about 10,000 years ago, The skeleton was turned over 
to the division of physical anthropology of the United States National 
Museum, where it has received careful study and has added to the 
Knowledge of the physical type of the early Texas Tndians, 

Returning to Washington, Dr. Roberts spent the remainder of the 
summer and the months of early autumn preparing contributions 
to, obtaining pictures for, editing the manuscript, and reading proof 
of & manual, “Survival on Land and Sea,” which was prepared for 
the Publications Branch of the Office of Naval Intelligence, United 
States Navy, by the Ethnogeographic Board and the staff of the 
Smithsonian Institution, He later worked on a revision of this man- 
unl for a second edition and also served as a. consultant for similar 
manual being prepared for the Army Air Forces. During this period 
he also furnished information to several other branches of the armed 
services and some of the war agencies. 
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Dr. Roberts also worked on hig final report on the excavations it 
the Lindenmeier Folsom Man site in northern Colorado, = project 
‘completed shortly before the outbreak of the war, and also wrote a 
number of articles for publication in scientific journals. On March 16, 
1944, Dr. Roberts was appointed a member of the Smithsonian Insti- 
tution’s Committee on Personnel Utilization and from that date until 
the close of the fiscal year devoted considerable time to the activities 
cof that committee. 

During such periods as the Chief was absent from Washington, 
Dr, Roberts served us Acting Chief of the Bureau. 

‘On September 1, 1943, Dr. Julian H. Steward, anthropologist, was 
appointed Dirvctor of the Institute of Social Anthropology, an autono- 
mous unit of the Bureau, reporting directly to the Secretary. His 
‘work as editor of the Handbook of South American Indians ilso con 
tinued concurrently. A brief statement on these two projets will be 
found lator on in this report. 

‘At the beginning of the fisoal your Dr. Alfred Métraux, ethnologist, 
was teaching in Mexico City, through an arrangement with the Na- 
tional University of Mexico, "He returned to duty on August 1, 1943, 
nd yssisted Dr, Julinn EL Steward in the preparation of the Hiand- 
hook of South American Indians. Dr, Métraux was appointed Assiat- 
nt Director of the Institute-of Social Anthropology on September 18, 
1948, Ho comploted four papers for the Handbook, and also gathered 
bibliographical material for several other contributions and assembled 
notes for the articles of the Handbook’s fifth volume. 

During the flacal year De. Henry B, Collins, Jr,, ethnologist, con- 
tinued his work ns Assistant Director of the Ethnogoographio Boar. 
‘As in the previous yeur, the nctivities of the Board for which he wax 
responsible concerned reseurch in conneotion with regional and other 
information requested by the Army, Navy, and other war agencies, 
Ho represented the Smithsonian Tnstitution and the Ethnogeographic 
Board ns » technical ndviser to the Emergency Reson Equipment Sec- 
tion of the Novy and wrote the Arctic section for tho booklet “Survival 
on Land und Sea," Some 750,000 copies of this official Navy survival 
‘manual have beon distributed to the fleet: and shore stations. 

‘Dr. Collins contributed the sections on geography, history, and 
anthropology for'in article on the Aleutian Islands, whieh will be 
published ns.ono of theseries of War Background Studies of the Smith- 
soning Institution, 

During such time as wav avnilable, Dr. Collins continued his re- 
searches on the Eskimo and the southeastern Indians, 

‘Dr. Willium N. Fenton, othnologist, continued to serve as research 
ascociate of the Ethnogeographic Board. With the assistance of 
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‘Miss Mae W, Tucker, he hus maintained for the Ethnogeographic 
Board the world file of area and language specialists, which has 
grown to include more than 10,000 entries for all continents and island 
areas. This file has been extensively used by the military and other 
War agencies in their search for specialized personnel, From this 
file a series of five studies were prepared, together with maps and in- 
doxes, showing domestic sources of photographs on strategic areas 
of interest particularly to the Navy Department. At tho request, 
of the Army Specialized ‘Training Division, the Ethnogeographis 
Board commenced a survey of aren and language teaching in the Army 
Specialized Training Program and the Civil Aifairs Training Schools 
in 25 American universities and colleges. Dr, Fenton participated 
in tho survey, visiting 13 institutions between December 1943 and 
March 1944, and since that time has been occupied in writing up ob- 
servations and preparing reports for the proper offices, 

Tn addition to this work, Dr. Fenton continued his studies on the 
League of the Iroquois, translating a number of texts collected by 
J.N.B, Howitt and A. A. Goldenweiser. Dr. Fenton's publications for 
the your were: “The Last Passenger Pigeon Hunts of the Corn: 
planter Senecas” (with M. H. Deardorif), and “The Requiekening 
Address of the Iroquois Condolence Council” (of J. N. B, Hewitt) én 
the Journal of the Washington Academy of Sciences; and un obituary, 
“Simeon Gibson; Troquois Informant, 1889-1948," én the American 
Anthropologist; also several book reviews and notes in scientific and 
literary journals, 

Since joining the staff in December 1943, Dr. Homer G. Burnett, an- 
thropologist, has served a3 executive secretary of & committes formed 
under the sponsorship of the Ethnogeographie Bonrd for the purpose 
of assembling date upon the existing state of our scientific knowl 
edgo of the Pacific Island area, ‘The committee includes representa 
tiven of the geological, geographic, linguistic, political science, and 
anthropological disciplines. As executive secretary Dr, Barnett 
has served chiefly ax organizer and coordinator of the committee's ne- 
tions. Since some of the committee members are located outside of 
‘Washington, considerable correspondence has been nocessary as well 
aa meetings both in Washington and New York. 

‘When not engnged in the above activities, Dr. Barnett has workod 
on the organization of field notes on various Salishan and Northwest 
Coast tribes, having in project n series of publications stressing eul- 
tural change among the Yurok, the Tsimshian, tho Yakima, and the 
Mukah. He has just completed one manuscript dealing: with the 
Indian Shaker cult of the northwestern United States, 








‘REPORT OF THE SECRETARY 55 
ENSTITUTE GF SOCIAL, ANTHROPOLOGY 


Asstated above, Dr. Julian H. Steward, anthropologist, an Septem- 
ber 1, 1943, became Director of the Institute of Social Anthropology, 
an autonomous unit of the Bureau reporting directly to the Secretary. 
As Dr. Steward was instructed in the official order establishing the 
Institute to report to the Secretary of the Smithsonian Institution, 
there are presented here brief abstracts from Dr. Steward's reports 
to Dr. Wetmore, Acting Secretary. 

‘The Institute of Social Anthropology was first conceived in July 
1942 and a project for its work was placed before the Interdepartmen- 
tal Committee for Cooperation with the American Republics in Au- 
gust of that year, Its stated purpose was to carry out cooperative 
training in anthropological teaching and research with the other 
American republics, For the fiscal year 1944, $60,000 was made nvail- 
able for the work of tho Institute by transfer of funds from the State 
Department appropriation. 

In September 1943 the Direstor visited Mexico and established the 
forms of un agreement for the work of the Institute with the authori- 
ties of the Escuela Nacional de Antropologia and the Instituto 
Nacional de Antropologia © Historia, submitting this to the Dopart- 
ment of State in late September. After somo months of delay encoun: 
tored in completing the agreement, Dr. George M. Foster, enguged by 
tho Institute as anthropologist in charge of the work in Mexico, pro- 
oeded to that country in May and started work in cooperation with 
tho organizations mentioned above, Dr, Donald D. Brand also repre- 
sented the Institute in Mexico os cultural geographer, 

No formal agreement hus yet boen entered into for similar work 
in Peru. Nevertheless, Dr, John Gi appointed by the Institute in 
Tannary 1944 as anthropologist, commenced work in that country on 
an informal basis, ‘The remaining 6 months of the fiscal year wore 
ovoted to reconnaissance and teaching ut Cuzco and Trujillo, 

‘A memorandum agreement for cooperative work in Colombia was 
submitted early in 1944, but at. the close of the fiseal year it had not 
‘yot been reported out, 

‘A now series in social anthropology entitled “Publications of the 
Thstitute of Social Anthropology” was started with two papers, which 
went to the printer just beforo the close of the fiscal year. No, 1 was 
on “Houses and House Use of the Sierra Tarascans,” by Ralph TL. 
Beals, Pedro Carrasco, and Thomas McCorkle; No. 2 was entitled 
“Cherfin, a Sierra Tarascan Village,” by Ralph L. Beals. 
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HANDNOOK OF OUTHE AAGRMLOAN TNDLANS 


‘The editing of the Handbook of South American Indians, begun 
some years ago, was-continued during the year by Dr, Julian Hi. 
Steward after September 1, 1943, under his appointment us Director 
‘of the Instituto of Social Anthropology. Funds for the preparation 
of the manuscript ave transferred to the Smithsonian Institution from 
the State Department approprintion for “Cooperation with the Ameri- 
ean Republics,” and the Bureau will pay the cost of publication in its 
Bulletin series. 

Volunio 1,“The Marginal Tribes," and volume 2, “The Andean Civil- 
izations,” wore completed during the year und eont to the printer, ‘The 
manuscripts of volumes and 4 were nearly completed. 

‘The Handbook is « truly cooperative project, n# one-half of the 
100 contributors are scientists of the other American republics, 


SPECAL WRSEANCITES 


Miss Frances Densmore, a collaborator of tho Bureau, continued 
hier work on the aludy of Indian musi¢ by writing a manuscript enti- 
tled “Omaha Music,* with transcriptions of G& songs, ‘This manu- 
script was based upon research in Nebraska in 1041 and included re- 
recordings of several songs that were recorded for Miss Alice O. 
Fletcher by tho samo singers, The date of the previous recordings 
‘was said to have been 1887 to 1800 and the songy are included in Miss 
Fletcher's “Study of Omaha Indian Music,” published by the Peabody 
‘Musoum of Harvard University, and in “The Omuha Tribe,” by Miss 
Fletcher and Francis La Flesche, in the Twenty-soventh Annual Re- 
port of the Bureau. Many songs in Miss Fletcher's work were recog 
nized by men who had not the tribal right to sing them. ‘The present 
manuscript includes old songs of Omaha military and social societies, 
songs conniectod with the First World War, and songs of legends and 
the hand game. 

Miss Densmore compiled and presented to the Bureau a chronology 
of her study and presentation of Indian musie from 180% to June 1944. 
‘This chronology was based on diaries, scrapbooks, and Reports of the 
Bureau. During « portion of the your she was engaged in completing 
the handbook of the Smithsonian-Densmore collection of sound record 
ings of American Indian music for the National Archives. 








YOITOMAT WORK AND PURLICATIONS 


‘The editorial work of the Bureau continued during the year under 
the immediate direction of the editor, M. Helen Palmer, There were 
issued one Annual Réport and six Bulletins, as follows: 
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‘Sixtieth Annual Report of the Boren of American Ethnology, 1042-1943, 9 pp. 
‘Bulletin 183, Anthropological papers, numbers 19-28 ix-+615 pp, 34 pla, 
2 te: 
No, 19, A search for safgs umong the Chitimacha ,Indians in Louislann, by 
Frances Denssore. 
‘No, 20. Archeological mirvey on the northern Northwest Const, by Philip 
Drucker; with appendis, Early vertebrate fauna. of the British 
Columbia Const, by Edua M. Fisher, 
No, 21. Some notes on u few sites in Beaufort County, South Caroling, by 
‘Regina Flannery. 
No, 22 An ghalysin and tatorpretation of the corumle romaine from two 
sites near Beaufort, South Carolina, by dames B. Grif, 
No, 28, ‘Tho eastern Cherokees, by Willian Harlon Gilbert, Jv. 
No, 24. Acontte polsow whaling In Avia and Amerléa : An Aleutian transfer 
to the Kew World, by Robert F. Helaer, 
No. 25. The Cartier Indians of che Bulkley Rivor: Their sola! and religous 
lite, by Diamond Jonness. 
No, 28, The quiga and Peruvian elvlation, by Jobo R. Swanton, 
Bulletin 194 Anthropological papers, numbers 27-82 vill+375 pp, 82 ple, 
‘6 Bge 
No, OT. Muate of the Indinos of British Columbta, by Frances Densmore, 
$0. 28, Choctaw suse, by Frances Densta0re. 
No. 29, Some ettinologlent data concerning one hundred Yoeatan plants, by 
‘Morel Stenger. 
No, 80, A description of thirty (owns in Yucatan, Muxioo, by Morrie 
Stojagorii. 
No, 81. Some westorn Showbou! myths, by Jullan H. Steward. 
No, 82 New mntorinl from Acomn, by Keaile A, White. 
Bulletin 138, Stone monumints of southern Mexico, by Matthew W. Stirling. 
‘VIL4-S4 pp, 02 ple, 14 figs. 
Bulletin i30, Au introduction tothe cornmaés of Trew Zapates, Verdcri Meteo, 
by ©. W, Welant, xiv-4144 pp. 78 pla, 54 figs, 10 mapa 
Bulletin 140, Goran sequences at Tres Zapoton, Varucrux, Mexico, by Pillp 
Drucker. [4-155 pp. 05 pla, 40 fea. 
Bulletin 141, Coramie stratigraphy at Cerro de lag Means, Yoracrun, Mexico, 
by Philip Drocker, vill-4,05 pp,, 68 ple, 210 figs 
‘The following publications were in press at the close of the fiscal 
year: 
Bulletin 137, ‘The Indians of tho Southeastern United States, by John BR 
Swanton. 
Bulletin 142. The contensporary culture of the CAhita Indians, by Ralph Te 
‘Beals, 
Bulletin 148. Handbook of South American Indian. Jultan H. Steward, 
‘Baitor, Volume 1, The Marginal Tribes. Volume 2, The Andean Oivilieations. 
Let of Publleations of the Burean of American Ethnology, vith tndex to 
authors and tithes. Revised to June 80, 204. 
Publications distributed totaled 14,903, 
In addition to the regular work, the editorial staff of the Bureau 
edited the first two publications of the Smithsonian Tnstitution’s 
Institute of Social Anthropology, now in press. 
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Accessions during the fiscal year totaled 190. ‘There has been a 
sharp decrease in accessions owing to war conditions. 

The routine work of accessioning and eataloging new material has 
been kept up to date, About half of the cards withdrawn from the 
catalog for reclassification have been returned to the catalog, with the 
new numbers added and subject headings corrected, 

‘The library has been used considerubly for the work of the Ethno- 
geographic Board and other war agencies. 


ILLUSTRATIONS 


During tho year EB. G. Cassedy, illustrator, continued the propara- 
tion of illustrations, maps, and drawings for tho publications of the 
Bureau and for those of other branches of the Institution, 


MISCELLANROUS 


During the course of the year information was furnished by mom: 
bers of the Bureau staff in reply to numerous inquiries concerning the 
North American Indians, both past and present, and the Mexican 
peoples of the prehistoric and early historic periods. Various spoci- 
mens sent to the Bureau were identified and data on them furnished 
for their owners. 

Porsonnel—Dr. Julian H, Steward, anthropologist, wos appointed 
Director of the Institute of Social Anthropology, Smithsonian 
Tnstitution, on September 1, 1943, by transfer from the Bureau, and 
Dr, Homer G. Barnett was appointed as anthropologist on December 
80, 1943, on the Bureau roll, to fill this vacancy. The work on tho 
Handbook of South American Indians was continued under the 
Interdepartmental Committee for Cooperation with the American Re- 
publics after September 1, 1948, Anthony W. Wilding, olork-stenog- 
rnpher, was appointed Property Officer of the United States National 
Museum on December 20, 1943, by transfer from the Bureau, and 
‘Mrs. Catherine M. Phillips was appointed to fill this vacancy on De- 
cember 22, 1943, by transfer from the editorial division, Smithsonian, 
Institution. Dr. John R. Swanton, ethnologist, retired on June 30, 


1944. 
‘Respectfully submitted. 
M.W. Srimuna, Chief. 
‘Tae Seouerarr, 
Smithsonian Institution, 


APPENDIX 6 
REPORT ON THE INTERNATIONAL EXCHANGE SERVICE / 


Sm: Thaye the honor to submit the following report on the activities 
of the International Exchange Service for the fiseal year ended June 
80, 1944. 

From the appropriation “General Expenses, Smithsonian Insti 
tution” thors was allocated for the expenses of the Service, $20,137. 

No money was allotted to tho Institution this year by the Depart- 
ment of State for use in mailing packages to Argentina and Brasil, 
so that the cost of such mailings had to be met from the regular 
Exchange allotment. ‘These are the only two American countries with 
which there are no reciprocal arrarigements for the exchange of pub- 
lications undey governmental frank. 

‘The numbor of packages received during the year for distribution 
‘at home and abroad was 407,764, a decrease from last year of 105,606. 
‘Those packages weighed a total of 243,180 pounds, a decrease of 5468 
pounds. ‘This material is classified ns follows: 
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Pucknges ure forwarded abroad partly by freight to exchange 
bureaus for distribution, and partly by mail directly to their destina- 
tions, ‘The number of boxes shipped abroad was 640, an increase over 
Inst year of 6 boxes, Of these, 385 were for depositories of full sets of 
United States governmental documents. ‘The number of packages 
gent by mail was 89,088, 
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‘War conditions have made it necessary for the Institution to suspend 
shipments to many foreign countries, The countries to which 
shipments were being made at the close of the year were as follows: 

Eastern Hemisphore: 
Great Britain and Northeen Ireland. 
Portas, 
‘Union of Soviet Socialist Repablica. 
‘Union of South Afrion. 
India 
Australia, 
Now Zann 
Weatorn Hemlaphere: AT) countries. 

In tho report for 1041 it was stated that the British Museuin, Depart- 
ment of Printed Books, had requested the Institution to. discontinus 
tho sending of the full set of United States governmental documents 
for the duration of the war because of the possibility of destruction 
of tho material through bombings of London, About the middle of 
tho current year the British Museum asked that the forwarding of 
the Govorument sots be resumed as numerous requests had been re- 
ceived for information contained in many of the documents, Accord- 
ingly, all accumulations of official documents for the British Musaum 
wero sont and regular transmissions huye sineo been made, 


FORKION DEPOSITONIES GY GOVERNMENTAL DOCUMENTS 


‘The number of seta of United States ollicial publications received 
for transmission ubrond through the International Exchange Service 
is 93 (55 full and 88 partin! sets). On account of war conditions it is 
possible at this time to forward only 58 of these sets. ‘The remaining 
85 are being withheld for the duration, 

‘During tho year Tran and Traq wore added to the list of those eoun- 
tries roceiving partial sets. ‘Tho depository in Tran is the Ministry 
of Edyeation wt Tehran, and in Iraq, Public Library at Baghdad. 

‘The partial-set depository in Afghanistan hus boon changed to the 
Library of the Afghan Academy, Kabul, ‘The depository of the 
partial got sont to Bengal has been changed to Library, Bengal Legis- 
Inture, Caloutta. 

‘A complete list of tho depositories follows. Under present. condi- 
tions, consignments are forwarded cnly to thosa countries listed on 
tious, consignments are forwarded only to those countries listed ubove, 

srosrroutes or YUL War 


Asazsrmx,: Direooién do Investigaciones, Archivo, Bihtioteca y Legtalacién 
‘Extranjors, Ministorio de Relaclones Exteriores y Culto, Buena Altes, 
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Aversa: Commonwealth Patliament and National Library, Canberra, 
‘New Sopra Wates: Public Library of New South Wales, Sydney. 
Quemxstany: Parliamentary Library, Brisbano, 
fours AveiALi: Publle Libraty of South Australia, Adelaide, 
Tamearcta: Parliamentary Libeary, Hobart. 
‘Viorvata; Pabile Library of Vietorla, Melbourne. 
Weenax Ausrmsa; Public Library of Western Australia, Perth, 
Baxorem: Bidlothique Royale, Bruxelles. 
BxAgm; Instituto Naclonl do Layro, Bio do Jnnelt, 
Caxaps: Library of Parllament, Ottawa. 
Manrrona: Provinelal Libary, Winnipeg. 
OrAuto: Legisintive Library, ‘Toronto, 
(Qmumc! Library of the Legislature of the Province of Quebec. 
‘Cnitz: Biblioteca Nacional, Suntingo. 
Cana: Bureats of Internutlonal Exchange, Ministry of KAuentton, Chungking: 
Corowa Biblioteen Nacional, Hogots. 
Gosra Rios: Ofeina de Dephsito ¥ CanJe Tnternuclonal de "Publiencionies, San 
Tons. 
(Quna; Ministerto de Estado, Canje Internacional, Habana, 
Cenoaoniovaxta ; Dibllothique de I'Assomblée Nationale, Prague, 
Darocaux: Kengeligo Dauake Videnskabernes Selskab, Copenhagen, 
Rarer: Bureau dea Publications, Ministre det Finanees, Catry, 
WATONEA: Rgitnamatukogy (State Library), Tallin, 
Fuvcaxp: Parllumontary Library, Holwinkl, 
‘Paance; Bibtlothéque Nationale, Rarin. 
Geoasy: Roichatanschstelie tin Relchmminsterium fir Wiwenschatt, Heslebang, 
‘und Volksbildang, Berlin, N. W. 7. 
Prvanta | Provsalache Staafabibliotbek, Belin, N, W. 7 
Omear Barer: 
MvatAND: British Musour, London. 
Lowvox: Tandon School of Feonomles nnd Politient Science, (Deponitory 
‘of the Lonlon County Connell.) 
Hunvanr: Library, Hungarlun Houyo of Delegates, Budipest, 
Iroc: Imporint Library, Calcutta, 
Lugrann | National Library of Ireland, Dublin. 
[TAL : Ministero del!'Edacaztone Naslanalo, Rowe. 
‘Jawan: Imperial Library of Japan, Tokyo. 
Larvid: Bipllothique a'ftat, Riga. 
Lakoux o# Naria#: Library of the Longue of Natlons, Geneva, Switzerland, 
Mexico: Dirvocin Gonerai de InformmetOn, Secretaria de Gobernacién, Mexteo, 
DF, 
Narestaxps: Royal Library, The Hague 
New Zutano; Goneral Assembly Library, Wellington: 
Nowruumy InetanD: H. M. Stationery: Ofice, Belfnst- 
Nonwar: Univorsitete Bibliothek, Ola. (Depositary of the Government of 
Norway.) 
Peavy; Seoclén do Propaganda y Publiewclones, Mintaterlo de Relaciones Ex: 
terlores, Lind. 
Pouano: Bubllothtque Natlonale, Warsave, 
Puxrgoan: Bibitoteca Nacional, Lisbon, 
Meowawta: Acndemia Rom&nf, Hucharest. 
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Sear: Cumblo Internacional de Publleationes, Avenida Je Calvo Sotelo 20, 
Madrid. 
‘Swenew) Kungliga Bibiloteket, Stockholxs, 
Swirmacaxv: Bibliotheque Centrale BYdérale, Berne. 
‘Toumer: Department of Printing aod Engraving, Ministry of Eduention, 
Istanbal 
Usiow or Sourir Arma; State Library, Pretoria, Transvaal. 
Usiow or Sovmr Sootartsr Reruntica; All-Union Lenin Library, Moscow 115. 
Uxaune: Ukrainian Society for Cultural Rotations with Foreign Countries, 
Kiev. 
‘Unuaway : Oletna de Canje Internactonal de Publicaciones, Montevideo. 
‘Vesmrurta ; Biblioteca Nacional, Curaens, 
XvIOMAVIA: Mintwtere de VFAucation, Belgrade. 








DeroarrOnins OF PARTIAL mers 


Avowarawran: Library of the Afghan Acndemy, Kabul. 
Bour1a: Bibliotcen del Minixtarlo de Reluclones Exterlores y Culto, La Paz, 
Buazite: 

‘Muvay Grune: Directoria Geral ¢ Eytatistien em Minas, Bello Horlzonte. 
Raman GuiaA; Government Secretary's Office, Goorgetown, Demerara, 
CANADA: 

Atmuers: Provincial Library, Bamonton, 

Burris Course: Provinclil Libary, Victort 

New Bruxnwic; Legislative Library, Fredericton, 

Nava Scovia: Provinelal Secretary of Nova Scotia, Hallfax. 

Pryce FowAnp Tstann: Legigiative and Publio Ttbrary, Charlottetown. 

Saskaronewan: Lagistative Library, Regina. 

Carton; Cihlet Seeretney'n Oe, Record Department of the Library, Colombo, 
Curva: Natlounl Library of Pelping. 
Dowanr0aw Ruruniie: Biblloteca de la Tnlversidad de Santo Domingo, Cludn 
‘Prujillo. 
ovapon: Biblioteca Nacional, Quito, 
GuaTeMALA: Ttblloteen Naclonal, Guatemala, 
Harr: Bibliothdque Natlooale, Portaw-Prince, 
Hopous: 
Bibtiotecn ¥ Archivo Naclonales, Tesucigalpa, 
Ministorlo dé Relaciones Exteriores, Neyocigalpa, 
Touanp: Nutlonal Library, Reykjavik, 
Ira 

Bevoat; Library, Bengal Legislature, Ansembly Hore, Calcutta, 

Hunan Arp Ours#a: Revenue Department, Patna, 

Houmay: Undervecrotary to the Government of Hombay, General Depart 

mont, Bombay, 

Buaaca Secretary to the Government of Burma, Edueatton Department, 

Rangoon, 

Ponsan: Chiet Secretary 10 the Government of the Punjab, Labors. 

Unrren Paortxors oF Acka ao Ovnu: University of Atlababsd, Allahabad, 
Taax: Iniperial Ministry of Bduention, Tehran, 

Iiag: Publle Library, Baghdad, 
‘Taneatca: Colonial Secretary, Kingston. 
Lawraia: Department of State, Monrovia, 
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Matra: Minister for the ‘Treasury, Vatlotn. 
Newrounntanp: Department of Home Affatrs, St. John's, 
Nicananva : Ministerio de Relaciones Exterlores, Managus, 
PAmAMA> Minlsterlo de Relaciones Exterlores, Pasamm. 
PasaavAr: Ministerio de Relaciones Kxteriores, Seccldn Bibiiotees, Amunci6n, 
Sauravox; 
Biblioteca Nacional, San Salvador, 
‘Mininterlo de Relaciones Exteriores, San Salvador, 
‘Taamasn: Department of Forelqn Affairs, Bangkok. 
Vanioan Orrr: Biblioteen Apostolicn Vaticana, Vatican City, Tealy. 


ENTERPARLIAMENTANY EXCHANGE OF It OFFICIAL JOURNAL 


‘There aro now being sent abroad only 68 copies each of the Con- 
gressional Record and Federal Register, the number having been 
reduced on necount of the war from 71, as fully reported on list your. 
‘The Library of Congress has arranged to have an extra copy of the 
Register furnished for transmission to Dr, Fermin Peraza for uve in 
‘connection with his work as director of several pan-Ameriean orgun- 
inations at Habana, Cuba, 

‘A list of the countries and depositories to which these journals are 
boing forwarded follows: 


‘RONTTONLES OF CONOUESSIONAT, RECORD AND RDAT BRITT 


“AngescttnA : 
Biblloteen Ge} Congreso Naclowal, Buenos Atres, 
‘CAnura do Diputados, OBeina de Informacién Parlamentaria, Huevos Atros. 
Bolero Ofiolal do Ia Nopdbliea Argontina, Ministorto de Justion e Inetenecion, 
Habtiea, Buenos Arex 
Ausraania’ 
‘Couiouwentth Parllanent and Nations! Library, Canberra, 
[New Sourm Wats: Library of Parliament of New South Wales, Sydney. 
‘Qurexetaxn: Chief Secretary's Ofte, Brisbane. 
Wesnas Avmustia: Library of Parliament of Western Australli, Berth. 
Bawa: 
Ribitotecn do Congress Naclonal, Rio do Zanviro. 
Aatasonan: Archivo, Biblioteca « Dupreiea Publies, Mansion 
Bama; Governndor do Extndo dn Bahia, So Salvador, 
Farmrro 84xTo: Presldoncin do Bstuilo do Bepirito Santo, Victoria, 
Tio Guawne po SuL: “A Federncio;" Porto Alegre. 
Ataarrx: Biblioteca Publica do Extado de Sergipe, Aracaja. 
‘Barras Hoxvoxas: Colontnt Secretary, Boltze. 
‘Casapa 
Library of Purllament, Ottawa. 
Clerk df the Senate, Houses of Parliament, Ottawa, 
Coma ; Liblloteen det Cupltolto, Habana. 
Cineat Barrane: Printed Library of the Foreign Office, Landon. 
GuaTenata: Bibtloteca du la Asamblen Legidlativa, Ganterials, 
Harrr: Bibllothtque Nationale, Port-nu-Prince, 
Hoxvuass: Biblioteca det Congreso Naclonal, Teencigalps. 
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Axota: Legislative Department, Simin. 
Lagu Pure Stare: Dall Blreann, Dublin. 
Mexico: 
Direceldn Genera) de Informnelén, Secretaria do GoberniclOn, Mexico, D. P, 
Biblioteca Benjamin Franklin, Mexico, D, F. 
Aavascatsmvres; Gobernador del Extado de Agnnscalfentes, Axuasenllontes. 
Casnoite: Gobernador dei Estado de Campeche, Campeche. 
Cusaras; Godernador del Extado de Chlapas, Tuxtla Gntlerrex 
Cunvamva: Gobernador del Hstado de Chibuahua, Chihuahua, 
Cosmo; Periodico Oficial del Kstado de Conhuila, Palacio de Goblerno, 
Saliitlo, 
Cota: Gobernador det Estado de Cotlmn, Collma. 
‘Donaxoo: Godernador Constituclonal del Estado dle Durango, Durango, 
Guaxasvato: Seeretarin General de Gobierno del Estado, Guanajusto, 
Gurmumo ; Gobernador dal Bstado de Guerrero, Chilpancingo, 
JAtiaco: Hibilotees del Bstado, Guadalajara, 
‘Lowna Catzeoanta : Gobernindor del Distrito Norte, Mestenlt. 
MéxICO: Gacotn del Goblerno, Toluca. 
Mucmoack: Secrotarta General de Goblerno del Estado de Michoacin, 
‘Morelia, 
Mometon: Paluclo de Goblerne, Cuernayaen. 
Naxantr: Gobernador de Nayarlt, ‘Teple, 
Nvxvo Lx6%: Biblloteon del Hetndo, Monterrey. 
Oaxaca; Periddico Ofelal, Palucto de Goblerno, Onxaca, 











Quentrano: Secretaria General de Goblerno, Seceldn do Archivo, Querdtaro, 
Sane Lots Poros; Congreso det Esindo, San Luis Potost, 
Smuatos: Goberundor del Bstado de Sinaloa, Cullact. 
Sonona: Goberundor del Betado de Sonora, Hermosa, 
‘Tananco: Secreturfa General do Goblorno, Seecl6n ta, amo de Pron, Villa- 
Dermosa, 
TAMAULIPAN: Seorvtarin General de Gobierno, Vietorin 
Traxcats; Secretaria de Goblerno del Hxtudo, ‘Tlaxcala. 
Yeucm’s: Gobernador del Estado de Veracrus, Departmente do Goberni 
lou y Justicia, Jaap. 
Yvearde ; Gobernndor del tao de Yuen thay, Mérida, 
Now WeAtanp: Genetn! Assembly Libenrs, Wellington, 
Puxu: Cimnen do Dipatatos, Lima. 
Union or Sour Arca: 
Liheary of Partinment, Cape Town, Cape of Good Hoye, 
State Library, Protorla, ‘Tranavaat. 
Uncovar: Diario Otol, Colle Florida 1178 stouiterideo. 
Vexxxum.a Bitiioteca det Congreso, Caruchs. 





TORTION EXCHANGR AGENCIES 


‘There is given below a list of bureaus ot agencies to which consign- 
ments are forwarded in boxes by froight when the Service is in full 
operation. To all countries not appearing in the list, packages aro 
sent to their destinations through the mails. As stated previously, 
shipments are forwarded daring wartime only to thoes countries listed 
on page 60, 


‘amr oF anexcres: 


Azoota, via Portugal, 

‘Azo, via Portugal. 

Berarou: Service Relge des Schanges Internationsux, Bibliothtque Royale de 
Beigique, Bruxelles, 

Canany fata, vin Spain 

(Cua: Bureau of International Exchange, Ministry of Education, Chungking. 

Cucuostovaxta: Service des Echunges Internationaux, Bibliothique de IAs 
sembiée Nationale, Prague 1-70. 

Dersank: Service Danols des Echanges Internationaux, Kongelige Datinke 
‘Videnskubernes Selskab, Copenhagen ¥. 

aver: Government Pres, Publications Office, Bulag, Cairo, 

Purtamo; Dolegution of the Sclentifie Socleties of Finland, Kastirngatan 24, 
Helsink!, 

Fanon: Service Prangals des fchanges Internatlonaux, 110 Rue de Greneite, 
arin 

Grnwary: Amertka-Insiltat, UniversitRtstrasse 8, Berlin, N. W.7. 

(Gnes Barratx axp Inetann; Wheldon & Wesley, 721 North Circolar Road, Wille 
den, London, N. W. 2. 

Husnay: Hungarian Libraries Board, Ferenciektere 5, Budapest, TV. 

Txota: Superintendent of Government Printing and Stationery, Bombay. 

Tracy! Uflcio deglt Scambi Internazionall, Ministero dell'Educarione Nazionale, 
Rome.: 

‘Javan: Internationnl Exchange Service, tmperial Library of Japan, Uyeno Park, 


‘Tokx0, 

Tamera: Service des Bchanges Internationsnx, Bibllothtque dfitat de Lattonte, 
Riga, 

Loxexnovse, vis Belgiam. 


Mozauetqve, vin Portugal. 

Neva: anne: International Exchange Bureau of the Netherlands, Royal Library, 
‘The Haxoe, 

New Sovrit Wares: Pubile Library of New South Wales, Sydney. 

New Zeatano: General Amembly Library, Wellington. 

Nosway: Service Norrégien des changes Internationanx, Bibiiothaque de I'Un!- 
versité Royale, Oslo. 

PAtzwrive: Jewish Natfonal and University Library, Jerusalem. 

Poraxp: Service Polonals des Echanges Internationaax, Bibliothhque Nationale, 
‘Warsaw. 

Poercaat: Secgllo de Trocas Internacionaes, Bibliotecn Nacional, Lisboo. 

Quernstann: Burena of Exchanges of International Pubiteations, Chief Secre- 
tary's Office, Brisbane. 

RewAnta! Minlatire do ta Propagande Nationale, Service des Bchanges Intor- 
‘nationnux, Bucharest. 

Sovrm Avstsatta: South Anstralinn Goverment Exchanges Burenu, Govern: 
ment Printing and Sationery Office, Adelaide, 

‘Sratm: Junta de Totereamblo ¥ Adquisiclin de Libros y Revistae para Biblote 
‘ent Pabileas, Ministerio de Educacién Nacional, Avenida Calvo Sotelo, 20, 
‘Madrid. 

‘Swenex: Kungliga Biblioteket, Stockholm. 
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Swrrcreianp: Service Sulsse des Rchanges Internationaur, Bibliothique Centrale 

Fédérale, Barns, 
smasatints Srecetnry to the Premier, Hobart. 

‘Tenxex: Ministry of Education, Department of Printing and Engraving, Istanbul, 
Unws oF Sours Armca: Government Printing and Statlonery Office, Cape Town, 
Cape of Good! Hope. 
‘Union or Sovrer Soctauisr Reroutics: International Book Exchange Depart 
‘went, Soclety for Cultural Relations with Forelgn Countries, Moscow, 56. 

‘Vacrosta: Public Library of Victoria, Melbourne. 
Wesresx Averausa: Publle library of Western Australia, Perth. 
Xuvomavia; Section des Echunges Isternationaux, Ministire des AMaires 

Btrangires, Belgrade. 

‘M.A. Tolson, who was appointed under the Smithsonian in March 
1881, resigned December $1, 1943, after having been connected with 
tho Institution over €2 years. Mr, Tolson was retired from the goy- 
crnment roll in 1994, but has since been employed by the Smithsonian 
Institution. He continued to perform his regular duties until his 
resignation. 

Clayton L, Polley was, at his own request, retired July 1, 1943, 
‘Mr. Polley was a veteran of the volunteer forces of the United States, 
having served in the Spanish-American war and the Philippine 
Insurrection. 

Poul M. Carey, who onlisted in the Army in August 1942 and who 
was discharged therefrom on account of disability, was, owing to that 
condition, retired from the Exchanges February 2, 1944. 

Respectfully submitted, 








F. E. Gass, Acting Chief Clerk. 
‘Tam Seoweranr, 
Smithsonian Institution. 


APPENDIX 7 
REPORT ON THE NATIONAL ZOOLOGICAL PARK 


‘Sm: Chave the honor to submit the following report on the opera~ 
tions of the National Zoological Park for the fiseal year ended June 
80, 1944. 

‘The regular appropriation made by Congress was $277,120, of which 
$94,732 was expended for overtime under the special legislation in 
effect for this purpose. 

GROUNDS, BUILDINGS, AND ENCLOSURES 

‘The primary function of the Zoo is to maintain and exhibit its col- 
lection of animals. To nccomplish this under wartime conditions, it 
has been necessary to limit other activities strictly to maintenance 
work. No extensive improvements have been made during the year, 
and because of the dificulty in obtaining critical materials, oven the 
maintenance work has frequently been of a temporary nature. ‘The 
gates of the Zoo have been open from daylight to dark, and many 
Visitors come to the Park after their working hours. In general, the 
Park and the collection are in good condition and continue to be nsod 
and appreciated by large numbers of visitors. 


PERSONNEL 


‘There has been a fairly consistent shortage of manpower in the Zoo 
of about 20 percent. This has necessitated the employment of tem~ 
porary Isbor when it could be obtained, which has thrown heavy 
burden onto supervisors to whom such untrained porsonnel was 
ussigned. ‘The additional supervisory burden has been well carried 
out, with the result that the care of the Park and of the animals 
hhas not been seriously neglected. 

‘On December 31, Head Keeper W. H. Blackburne retired. For 17 
years past the retirement age he had been retained by Executive 
‘order, and on December 81 completed service of 53 years. He came to 
the Zoo in 1891 as Keeper, and was made Head Keeper the following 
‘year. In 1913, accompanied by Mrs. Blackburne, he went to Egypt to 
ibring back a collection from the zoo at Gizah. SJumbina, the National 
Zoo's large African elephant, was one of the specimens he brought 
buck; also the pair of cheetahs that lived in the Zoo for nearly 15 


or 
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years, On his retirement the Smithsonian Institution appointed Mr. 
Blackburne consultant to the Director for life. In his more than half 
‘& century of continuous service, Mr. Blackburne saw the Zoo grow 
from the original lot of 124 specimens that he brought to the Park from 
the Smithsonian grounds in a wagon borrowed from the Humane 
Society to its present size, 


WARTIME PROBLEMS 


All 200s have faced wartime difficulties in obtaining food and sup- 
plies. ‘The National Zoo, however, has received valuable assistance 
from the managers of some of the largo Safeway, A. and P., Giant, 
nd otha stores, who have put aside for the Zoo trimmings from vege. 
tables. These are picked up by truck each day and provide the Zoo 
With greens and certain types of vegetables. Through the United 
States Marshal's Office there have been obtained considerable quan- 
tities of food condemned for one reason or another as not fit for human 
consumption, including several tons of peanuts, quantities of soy beans, 
and other products, which have been of material aid. 








ATTENDANCE 
‘The attendance for the year was: 





January ‘Total —.__.___. 3, 808, 652 


Although no actual tabulation was made, it was apparent that mili- 
tary and naval personnel constituted a very substantial proportion of 
the total number of visitors. 

There has been x good attendance from various schools and groups 
Who have come by whatever means of transportation wore available, 
It is interesting to note that the number of visitors is more even 
throughout the week than hitherto, although naturally the attendance 
Teachos its peak on Saturday afternoons, Sundays, and holidays. The 
number of family picnic parties has greatly inoreased. 

Medical groups have come to the Zoo for the purpose of studying 
certain types of animals, and the Zoo office receives many requests from 
the War and Navy Departments and other agencies of the Govern- 
tent for information on biological problems. The Zoa continues to be 
regular study ground for art and biology classes, as well us a focal 
Point for inquiries about animals by mail, by telephone, and in person, 
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ACQUISITION OF SPECIMENS 


The animal market has naturally been restricted by the small num- 
ber of shipments being made from xbroad, but a moderate number of 
desirable specimens have been obtained by purchase or exchange. 
Among these are a trio of Dama wallabies, the two females of which 
have produced young since their arrival from the San Diego Zoological 
Society; a Dinna monkey, also from the San Diego Zoological Society; 
pair of cotton-headed marmosets, a pair of scarlet eocks-of-the-rock, 
and a young male jaguar. 


ourrs 


‘Through the Army a number of interesting und vatnable specimens 
hhave been obtained. Among these are a pair of those rare birds, the 
kagus, presonted by the Free French Government of New Caledonia 
through Lt. Gen. A. M. Patch and brought to Washington by Lt. Jokn 
H, Fulling while on leave. On « subsequent voyage, Lieutenant Full 
ing obtained for the Zoo « pair of fying phalangers and a fine carpet 


python, 

‘The Army of the U. 8.5. R, presented to the Persian Gulf Command, 
United States Army, through Maj. Gen. Donald H. Connolly, » young 
Russian bear from the southern Caucasus. This bear, “Mischa,” was 
brought from Pursia to Washington under the caro of Le. A. J. fll, 

From the Medical Section, India China Wing, Air Transport Com- 
mand, through Col, Don Flickinger, came a collection of Indian rep- 
tiles, inclnding cobras, kraits, Russell's vipers and a monitor lizard. 
‘These wore brought to Washington by Corp, Wesley H. Dickinson, 

Another interesting addition was a baby howling monkey. 

A complete list of donors and their gifts follows: 


W. Alderson, Washington, D. C., 2 Pekin ducks. 

Ord Alexander, Washington, D.C, red-bellled turtle. 

Army of the U, 8 8, H, through Commanding Geveral, Peralan Gulf Command, 
‘Maj, Geo. Donald H. Connolly, U. S Army, Oud World brown bear. 


nck Baldwin, Washington, D.C. alligatar. 

Ballod, Bethesda, Md, raccoon, short-talled shrew, sparrow hawk, 90 
white mice, crow, fence tsar. 

Mra, Nell Barger, Washington, D.C. horned tizard. 

Dr: Pal Bartsch, Washington, D, C., chain or king snake. 

Mri G.N, Bates, Alexandria, Va., raccoos. 

4. H, Benn, Siiver Spring. Md., worm snake, 

Mr. Borg, Fredericksburg, Va, red fax: 

Mrs, John P, Bressler. Bethesda, Md, nine-tanted armaditio. 
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omnes G. Brunzon, Washington, D. 0, 2 Peki: docks. 

‘$.M. Call, Mocksville, N.C. throngh North Carolina State Museura, Raleigh, N. Cu 
albino opossum. 

Downtd A. Campbell, Chapel HU, N.C, vervet monkey. 

{T, Ly Canby, Sliver Spring, Md, barn owl, 

‘De. H. J, Carter, Washington, D, C., great blue heron. 

‘Mins Margaret Carter and Miss Doris M. Rice, Washington, D. C., screech om, 

‘Miss Frances Chatfield, Washington, D. C. alligator, 

Poter Chittick, McLean, Va, spotted turtle, 3 malls soaks 

Robert Clagett, Landover, 3d, Pekin duck. 

‘Dr, Marie B, Clark, Cardoso High School, Washington, D. ©, garter snake, 
hhog-nosed suake. 

‘Toms Collingwood, Washington, D. C., tarantuta, 

Mrs, Edward Costello, Washington, D. Cred fox. 

K. L Cartis, Washington, D. C, raccoon. 

Gordon Dniger, Washington, D. C, 2 Cumberiand terrapins 

Aasnex Daphoey, Washington, D, C, 2 alligators. 

Claudine Dettaven, Glasgow, Va., corn snake, binck annke. 

Glenn Dison, Washington, D.C, red-talled bawk, 

‘Joanne V. Dyke, Washington, D. C., Knolls. 

‘4. B Ennis, Washington, D. C, barn owl, 

Colonel Rvans (address unrecorded), red-talled hawk. 

Williasy L. Woster, Rockville, Ma, barn owt. 

¥. F. Pox, Hyuttaville, Md, 2 box turtlon 

oun Francis, Ix, Washington, D.C, opeesum. 

‘Mra Joan B. Fraser, Takoma Park,D.C.,5 American tondx 

Foee French Government of New Caledonia, throngh Lt. Geu. A, M. Patch, 1. 8. 
Armiy, 2 lugs 

Mrs, Freeman, Washington, D.C. ring-peckod pheasant. 

1, John 1. Pulling, U. 8. Army, carpet python, 2 fying phalangera, 

‘Stephen Gett!, Washingtoo, D. C. sparrew hawk. 

Gordon Gaver, Thurmont, Md. tndigo maake. 

‘William C. Gawler, Bethesda, Ma, 3 Pekin duck 

Roger Granum, Wesblogton, D.C, white rabtit. 

Mra. William 8 Green, through C. Purcell MeCue, Appledore Orchard, Greenwood, 
‘Vit, 2 aka deer. 

Mra. Charles Greer, Alexandria. Vi. 3 Pekin ducks, 

Granville Gute, Washington, D. C, alllgator. 

Willie Haltzman, Alexandria, Va, 2 Pekin duske. 

John N, Hamlet, Pish and Wildlife Service, College Park, Md., 4 meadow mice, 2 
northern ravens, 7 pine Iisards, 2 bioetalled akinks, 4 six-lined race runners, 
pilot black aoake. 

Eeneat O, Hammersia, Washington, D, C., howling mouker. 

Mrs. 11. Hanford, Washington, D. C., 3 canaries. 

Maj. D. Elmo Handy, U. 8. A., 1 Hooloek gibbon. 

Richwrd A. Harman, Alexandria, Va. alllgntor, 

3. W, Harrlsoa, Mt Rainter, Ma, 2 Pekin duces 

‘Richard 7. Heckman, Washington, D. C2 white mice, 

‘Dr. Roy Herts, National Institute of Henlth, Bethesda, Md, 18 Amertoan toaile. 

Ars. Hibben, Vienna, Va, pllot sake. 

‘Thomas M. Hopkine, Laurel, Md, water make, snapping turtle. 

‘Thomas M. Hopkins and Cyide T. Miles, Jr, Laurel, Md. 8 mapping turtles, 
spotted turtio, 2 box turtles. 

©. 8, Howell, Remington, Va, suinen pigs. 
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Gordon L. Jessup, Potwenae Helghty, D. C., black anake, 

Miss J. af. Jones, Washington, D. C., yellow-naped parrot. 

‘Mrs W. A. Justice, Edgewater, Md, double yellow-hended purrot: 

‘Mra, Kanthal, Washington, D. C., white squtrrel. 

Snes G. Keller, Washington, D. ©, alligator. 

Alfred Kendall, Washingtou, D. C., cantinal, 

At L A. Kninzey, Sliver Spring, Md, Cuban couure. 

Mrs, Alta Brill Kremer, Maurertown, Ve., 2 Pekin ducks. 

Mra. Martha Lawty, Washington, D. C.. Texas horned lizard, 

Ralph D, Lindsey, Silver Spring, Md. sumpping turtle. 

Mise Murgaret Love, R. RL, Leot, Kans, great horned owl 

Mrn. Lorraine Lowe, Washingtoo, D. C., gray fox. 

Francine Tze Lyons, Washington, D.C, Pekin ack. 

MLK. Macknet, Takoma Park. Bd,, pilot snake. 

Modicu) Section, India China Wing. Alr ‘Transport Command, through Col, Dan 
Pilckinger, M,C, king cobra, Indian cobra, banded kralt, common kralty 
2 monitors, 2 tree snakes, Ruswll’s viper, 2 rat makes, & pythons, 

Mrs, John C. Moikie, Washington, D.C, 2 zebra fincbes. 

George J. Merrick, Washington, D.C, barn owl 

W. HL. Meserole, Washington, D.C, Black-crowned night heron. 

1B. Miller, Washington, D. C., horned tizard. 

Billy Monroe, Washington, D. €:, opossum, 

Benjamin Muller, Wushingtoo, D, C, pilot diack sake, 

Nutionn! Capttal Parks, Washington, D.C, water snake, tadpole, Gambuxia 
hotbook. 

Marry Newman, Washlegton, D, C.,2 alligators, 

Fred Orsiuger, Pish and Wildlife Service, Washington, D. , 4 helibenders, 
10 diumond-back terrapins, mud turtle, 4 mudpupples. 

Jouph Pignatiro, Washlagton, D.C, 6 ring-necked snakes. 

Preemai Pollock, Washington, D.C, thnber rattlesnake. 

Scott Price, Washington, D. C., green racer. 

‘Anna SL Reger, Washington, D.C, 3 parndlee Mah, threeepot gouraml, 4 blood 
Sine, 100 ‘Trinidad guppies, catfish, 300 snails. 

Mist Anna Rees, Washington, D.C, Pekin duck, mallard duck. 

RL Riguy, Chery Chase, Md, 2 Pekin ducks. 

Lt, Laurance S. Rockefeller, Washington, D. ©, Buropmn goldfineh, white 
eben tach. 

Mra. Mf. LIne, Washingtoo. D.C, 4 muscoyy ducke 

Migunl A. Rats, Washington, D. ©, hog-nowed snake. 

1D, R. Sampson, Brentwood, Md,, 2 red-shonldered hawks. 

Mint Eugenia Snsa, Washington, D.C, grass parequet. 

Miss Katherine Sater, Washington, D. C, biaek snake. 

Daniel Schroeder, Washington, D. C., 2 blve tanagers, % Pekin roblns, 2 diamond 
doves, Cuban bulifineh. 

Alfred Le Sehwosor, Washington, 1. C. red fox. 

Sanden Seymour, Riverdale, Md, great horned ow). 

Charles P. Shueffer, Jr, West Haven, Ma, nlligator, 

Pfc. A. W. Sharer, United Statex Army, pilot make, biack make, 2 copperbend, 
2 bine reer. 

Patsy nnd Linda Shaw, Washington, D.C, alligator. 

Robert B. Sherfy, Washington, D, C., sereech owt. 

Robert Shosteck, Washington, D. C:, 2 fence laards, spotted turtie. 





e1vs30—43—6 
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Mra. J.B. Skinner, Washington, D. C, xrnas patogoet. 

David W. E. Sinith, Washington, D. C., De Kay's sanke, 

Mra. W. R, Smith, Cottage City, Md., 8 ring-neckod doves, 

Melvin Snyder, Washington, D. ©, Cumberland terrapin. 

Mra Rebecea Spitier and Dian Suunbeun, Bethesda, Md,, 4 Pekin ducks, 

KH. Spivey, Washington, D. C., Pekin duck. 

Mrs, L. D. Sthver, Washington, D, ©, barred owl. 

Mra. George Strawbridge, Washington, D. ©, alllgntor. 

Ralph Swiggard, Washington, D.C, worm snake. 

Mra Taylor (address unrecorded), 5 opossums. 

Edward M. Traylor, Washington, D.C. tit! monkey. 

James HL. Turner, Dunn Loring, Va, contlmandl, 

‘Dr. H. R. van Houten, Hethesda, Md., garter snake, 

‘Ralph C. Walnoskey, United Stites Army, theswy monkey, 

‘Wrank J. Walker, Arlington, Va.,2 fying squirrels. 

R. K Wailker, United State Nuvy, Hydrographic Ofee, Washington, D. C, 
palnted turtle, dlamond:back terrapin, praying manila. 

‘1. Wampler, Waxhlngton, D.C, 2 crows. 

‘Ward Farms, Amelia Court Houre, Va, red fox, 

Mhoodore Wolkier, Wanhlngton, D. C,, pine Iteard. 

Mrs. H. J. Welle, Washington, D, Cy diamond-back terrapin. 

Richard Wells, Washington, D. C., desert tortoise. 

4, A. Wheeler, Washington, D. 0, sparrow hawk, 

J. HL White, Washington, D. ©, gray squlrrel, 

Murgie, Mary Lu, and June Aileen Wilkin, Washington, D. C, eottontall rabptt. 

GW. Williamson, Washington, D. C., cottonmouth moceasin, 

Ray B. Wooldridge, Washington, D.C, alligator. 

3. Wright, Washington, D, C, wood frog. 

(Donor unknown), 2 bobwhtten, 








NATURAL REPRODUCTION 


Four sets of twins of the cominon marmoset were born during the 


‘your. 
A cub was born dead to a pair of Polar and Alaska brown bear 

hybrids which were born in tho National Zoological Park in 1936. 
Births and hatchings during the year included: 


aeaaars 


Beientife name Number 
Aerovodia indica 
Ammotragus lercia. 








British Park cattle 
Catlithete jacehwa — Common mnrmonet— 











Camelur buctrianus — Raetrlan eamel__ 
Cercopithecus aethiops suducns. Green guenon_. 
Cervus cannirnaie —— Bk. An 








Choeropéls tideriensis— —— Pigmy binpopotamon 





a 
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Losses include the African rhinoceros, which died after 1 years in 
the Zoo; w slow Joris, after 5 years and 10 months; a mandrill, after 
18 years and 7 months; and the maned wolf, after 10 years and 6 
months. 

A scarlet ibis died after 19 years 11 months; x roseate spoonbill, 

anfter 9 years. 

‘A large reticulated python, deposited for exhibition by Clif Wilson, 
died during the winter, A east has been made of this snake for 
pormanent exhibition in the United States National Muscum, When 
the dead snake was sent to the Museum, it measured 24 feet 8 inches. 
Sinew 8 or 10 inches of the tail was mizing, this specimen was well 
Over 25 fect in length, and the dead body weighed 905 pounds, 
making it on of the largest snakes ever exhibited. 









































Removals from colteetion by death, exchange, and return of animals on 
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A list of the animals in the collection follows: 
ANIMALS IN THE NATIONAL ZOOLOGICAL PARK JUNE 80, 1044 











>2AMEMLALS 
aesurrtacan 
eientite name Common nome 
‘Didelphitdae: 
Didelphia virginians— Opcesam 
Phalangeridae: 
Petowrna treeiceps______ Lesser flying phlanger——_____ 
Petaerwe norfoleensis.— Avstratian flying phalanger———__ 
Trichowurue wuipecvla_____._Vulplne or Urnsh-talled opossum 
Mneropodidae: 
Dendrohagus inustus_____.____._ New Guinea tree kangaroo. 
Dendrotagua inustux fnachi______Finache's tree kangaroo 
AMacropus major. Great gray kangarvo 
‘Thyloyate engenii_________ Dama wallaty- 
Phaseolomy!dae: 


Vombatus urainus. 


‘Finders Isiand wombat 


eet 
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DesecrivoRA 
elentitc mame Comeen name Nomber 














Sorletdue: 
‘Blarina brevicouda_________Shorttailed shrew. 
caxstvon. 
Felidae: 
Acinonys jubates Cheeta 
Polis chews Jungle eat. 
Fella concolor. Pums —_—_ 





Felis concolor patagonics_______ Patagonian yoma 
Fells concolor X Felie conestor pate- North American X South Amerlean 














gonies ‘poms 
‘Felis leo. ‘Lion. 
= 
ee 
‘Petia pordatie. ‘Ovelot_ 





Indian leopard 






































ile ger eae —— ‘Black Indian leopard_—______ 

Polis tigrie. ‘Bengal: tiger. 

Folia tigrts longipita_________Siberlam tiger 

Felig gris ewmatra ‘Sumatran tiger. 

Lyne rufus. Bay lynx 

Loma rufus bailey ‘Bailey's tynx. 

Tone winte _ Bobeat. 

Neofelis nabotova. ‘Clonded leopard _ 

‘Oncifolie geottroyt —— Geottray's cat 

Profelis temminckit_ Golden eat. 
Viverridae: 

Arctictis binturong-- Binturong- 

ivettictis cieetts. African elvet 

AMyonaz sanguinews ‘Dwwart ctvet. 

Paradoeurus hermaphroditur.. ‘Small-toothed palm cleet_—_____ 
‘Hyaenidue: 


‘Orocuta crocuta erminans_______ Enst African spotted hyena 
Canidae: 
































‘Canis tatrans. Coyote. 
Gants tatrane X femillarin_______ Coyote and dog hybeid______ 
Camie lupus nubile Plaina wolf 
Canie rufus. ‘Texas ved. wolf. 
‘Cuom javanices rumatrenala_____ Sumatran wild dog 
Dusieyon culpaene______________ South American fox 
‘Dusicyon (Cerdocyon) thous__— South American fox_—_——_____- 
Wyctereukes procyoroides_____ Raccoon dog: 
Uracyon efnercoarpenteus,——______ Gray fox 
Putpes talon. Red for 
Procyontdne: 
Nasa nariee. ‘Coattmundt. 
Narva nelvont. ‘Nelsot’s contiarand!_——______ 
Poton flavus. ‘Binkajou. 

aden ee oe 
Procyon totor. _—-—-| Bisel raccoon. 


wee Seek oeneee HoMH 
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eannrvona—contintiod 





Betentitr meme Common name amber 


Baweariseldae: 
Buangriscus astutua.. 
Mustelidaé 
Arctonya coltaris 
Grisonelta, huronaz_————. 
Lutra canadensis vaa Florida otter- 


{Ring-tull or cacomistie—_____ 
































Intro (Mlcraonye) cinerea. Small-clawed otter. 
Martex (Lamprogate) flavigula hon- 
riot. —-—-— Asiatic marten. = 
“Melos meles leptorhynchwa_____— Chinese badger 
Meltioore. eaponsia_—_—________. atel____—_____. 


Mepnitia mophitie nigra. 
Mustela campertrix.. 
Mustela evorsmannl_———___— 





Plalns least weasel or ermine_—_— 
Ferret 

















‘Fayre barbarn barbara White tayra____—____-_— 
Tayra dordare wonils—_ Grag-hended txyra_———————— 
Testiae: : 
‘Buaretoe americanus Black bear. —— 
Buarctos thibetunus ‘Himalayan. bear. = 





‘Motay oF sun bear. 
Motwreus ursinus, — Sloth bear 
Thalarctor maritious. Polite bear- 
Thatarctor maritimus X Ursus mide 

dendormt Hybrid bear. 
‘Tremarctox ornatus —— = Spectacted bear 
Urns arctos—________-___- European brown bear. 
Uraus arotox meridianatis. 
Trews gyes ———— 
Uraus middendort 
Uraue vitkensts_-—_——. 






































Otnestdne: 

‘Zatophue oaltfornfanus Sea Yom —————-—-———--—--—-—- 
Phoeldae: 

Phoos vitulina richardit.__.___Paeifle harbor seat 


PRDKATES 





‘Lemuridne 
Laour mongoe. = ‘Mongoose Tense. se 

Callitelchidae: 
allithris facchwe____-- White-tofted murmovet_— 
Catlithris yenicilla Binck-tuttetl- marmoset —_______ 
‘Tamarin (Ocdipomidas) gooffroyi_— Geoftroy’s tamarin_—___ 
Tamarin midae_. ‘Yellow-handed tamarin 
‘Tamarin (Ocdipomidas) oedipur—— Cotton-top tammrtn = 
Tamerin (Eeontocedus) rosalia. ‘Lion-hended or golden marmowet— 























‘Titi oF squirrel monkey-——_—__— 


e 


ee er 











Atetes vellerones. Spider monkey 
Cedue apelta. = Gray expuehin. 

Cebus vapucinus—________- Whitethroated expuetin 
Codes fatueltua Weeping capuchin 
Lagothriz lagotricho: Woolly monkey 























‘Macaca nemextrina. Pigdalled macaque. 
‘Mecoce s{nics Toque or bonnet maeaque——— 
‘Macaca speciont_______—ted-fuced maceque —————_-- 
Mandrillus sphinz 2: ‘Mandrilt_ 
Papio comatus = = Chacins 
Papio cynocephains. = Golden baboon 

Hylobatidae 








“Hylovates wpitte——_______— 
“Hylobates hooloek 
Bylodates tar pileatue———— 











Haweeer 


eee Hee BEBE oe 


Hen aeBae 
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ponerrta—eontinned 





‘Mlcrotua pennaylounious———____— 
Neotoma floridena attwater_———— 
‘Onyohomys texoopaster——____—~ 
Peromyscus erinttuy wuripectius—_— 
‘Peromysous leucopus 

‘Poromysons true. 
Sigmadon hixpidus. 


Common name 


Golden bumater————____— 
‘Mendow mouse—————___—- 
Round-talled wood rat—————— 
Grasshopper mouse ———______— 
Golden-brensted: mouse——————- 
‘Whitefooted ur deor mauie—— 
‘Droo's whitefooted mouse 
~ Cotton rat. 





Muridae: 





“Acuinthion rach yr ——. 
Atherurus africanus ——. 








Hyatria gatoatn, 





Theourws crassiapiole eumatrae——— 
Myoonstoridae: 


White and other domestic mle 
Root rat and black rat_———__- 
‘White and pled-colored rata. 


‘Malay porcupine 
‘West African Drust-talled porcu- 

pine. 
-Atriean pareupine.. 
‘Phick-epined porcupine 


Coy. 











Myocastor coypu— 
‘Gunieatidue: 
Ounioulus pact eirgatus———————— 














Contral Ameriean paen_———_ 


‘Speckled ngomtl__-__. 








BEALS arene teatro 
Gulien plg--——————___— 
Oovta. poreellv———————--------) Angora uno plg-———————-——— 
Doliehotis patagona———----— Patagonian avy. = 
Hyitrochooridne: 
‘Tiydroehoerus hyrochoerwe——-.Capybra—— 
‘roosourna 
Taporidae: 
‘Oryolotapue ovnionlws Domestic rabbit 
Bovlane: 




































Ainmotragus lorwia. 
‘Anoa quaretst_ Mountaln now. 
Bios gowrws ————____.. Gaur. — a 
American bison. 

inter | = 
nes 
Bor indlous.. ‘Zebu. ~ 
Bow fawews. - ‘texan Joughorn steor. aan 
Hor tours, _—-— West Ilghland or Kylor enttla 
Bos taurus — British Park cattle, = 
Budatua bubatis. Indiny buffalo. 





Cephatophus mazwetlit ——____. 


‘Maxwell's dusloor— 


Number 


ween ok & 


16 


peewee tasek 
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“anrropacrrta—continued 
‘Aelentifio same Common name 
Bovidae—Conthuned. 
Cephatoshue niger Black dulker. 
Cephatophus nigrifrons —____Binck-frouted duiker. 








‘Whitetalted gnu. 





‘Hemltrogus jemtahiows 
Oreotrapus ocotrague 





‘Oryz belea annectena—_—___—__— 


ST aS SINS 
Kiipspriager. 
Mhoun belsa ory 
WWoolless or Barbados shoep———— 























Cereus canadennis—. 
Corvus claphus —. 


Dama dame 


Muntfacus muntjak —— 
Odacortous virpinianns 

















Ametienn elk ——————_____- 
Red deer 
allow doer. 
‘White fallow door 
Mib-faced or barking deer ——___— 
Virginia. deer ————— 














‘Giraffe eametoporitatis 
iraifa reticulata.. 





Tapanewe doer: 





Nublan glrwffe————_______ 
Reticulated ytratte - 








‘Camotisiee: 
‘Cametue dactriawus 
‘Camels dromedariyy 





Buctetan eamel — 
‘Single-humped camel —- 














Lema lomo Llama 
Tama glama guantooe.-——————-~ QURRINE0.-——— am 
Zama pacos ‘Alpaca ——————-. we 
Viougna wlougna — Viewna ——.. 

‘Tayasmuldve: 

Peourt angutatus Collared: pocenry————-———-- 
Tayassu pocart.. = Whitepped peoeary 

Suldaet 

Babirwesa badyrusea. Pubtewsen —- 





Phacochoerus aethloptows wetiant 

‘Bus scrofa. 
‘Hippopotnmtdao: 

‘Onoeropaie Wdoriensis____——_-—— 

Higyopotamna amphibius 











ast Atelenn yeart hog —. 
‘Wuropeun wild boar. 








Pigmy_bippopotnntis, 
‘Hippopotamus —————___—__— 


PRRISHOOACTEA 


Raquldan 
‘Bguur burchellik antiquorwm——— 


Chapman's zebra. 
Grevy's sebra. 











Equus 


Bquus eebro_—— 


obra-aes hy bel. 
‘Yedvro-horve hytirid 
Anintle wild ass or Klang. 
Mongolian wild, horse_—____— 
Mountain zebra. 








3 


i 
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Feumponacreii—costinued, 
Bolentite mane Common same Number 
‘Taplridae 
Acracodia indica. Asiatic tapir. 2 
Tapirus terrestris. South American taplr——____ 3 
‘Bhloocerotidae: 
Rhinoceros unicornis_________ Great Indisn one-hornedrhi- 
poceros 1 
‘Fenposcmmes 
lophantidne: 


Blophos mozimus wematronve Sumatran elophant________. 1 
Lozodonta africana osyotle_—____Afriean elephant Sak 











srrascomea 
Procavia ospensi Hyrax 2 
-EDENTATA 
‘Choloapodidne : 
‘Cholocpws didactyles_______ Two-tood sloth. 2 
Daxypodidae: 


‘Ohsetophractus eitlorwe—_--—_Halry armadiifo—____.__ 
Buphructws seacinctus____—Ste-banded armaditio—_—___ 








Pelocantdae: 
Polecanus ealifornicus—______ California brown pelican —_______ 
Potecanua conspicitlatus________ Australian pellean.______.___ 





Pelecanus erythrorhynchua White pellet 
‘Pelecanus occidentalis ae 
Pelecanuis onocrotelus. 


Beane 








Bolestine name 
sulldae: 

Aorta bassana 
‘Phalacrocorueline: 

Phatacrocoras aurttus wibociHatue— Farallon cormorunt——— 
Anhingldae: 

Anhinga anhinga———___. 
‘Pregatidie; 


amt 








Anhinga. 








‘Fregata ariel Lesser frigate bird. = 








Myéranasea tricotor rufleottir 
Notophoy nooaehottandias 
Nyetiooras nyctloorne nuevins— 
Cochleurtidae 
Coohiearins cohteariue— 
Cigoniiday: 
Dissoura eplecopus 
TD clnereva_—___— - 
‘Loptopiilua orumeniferwa 
Leptoptitua dublus—— 





Bincke-crownnd night heron. 





w PeStace 


Bontbitt heron —. 








Woolly-nectod store 
‘Malay storie 
‘Marabou — 












Tndlnw durant 


‘Tiiveskoratthtdai 
Quara aive 
Quara alba 
Guara rubra——-._--___. Searlot Ibi. 
Threaklornts aethioplea———_—_- Sacred {bla 
Threakiornte welanvcephala. 
Threnkiornis rplnicoltia. 

Phoenteoptertdae: 
Fhoen(oopterua chitensle 
Phoenieopterus rutin 
















ps ee 


Aobimida 
Channa eriatata— 
Anatidne: 
Ale gponioa 
Aopoohen sepyptiaous. 
Anay brasilienste 
Anan domestica. : 
‘Anas platyrhynehor ———— 
Anan rubripes — — Black duck a 
Anaer olbigeons American white-tronted goove—— 
‘Anaor cinereus domexitca____ Toulouse goowe___ 
‘Anseranas somipalmata ‘Australian pled goose ————___— 


























weweBhnea 
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Hiesips os asia 


Accipitridae: 
Aceipiter ooopert.. 
Buteo borealte. 
Buteo timeatua elegans. 
Buteo Vineatus lneatur— 
Buteo metanoteuces. 
Butco platypterus. 















































Solentite name 
Accipitridae—Coatinned, 
Hallacetus Teucovephatux______ Tal eaglo—__ 
Hoalicstur indus. Beahminy ‘kite 
Harpia harpye ‘Harpy. eagh 
Hypomorphiwe urubitinga._____Braailian eagle —___ 
Chhmangy 
‘African yellow-billed Kite. 
= Osprey: oF fish hawk: —_____ 
One-banded hinwk————_____ 
Sparrow hawk 
Redthroated euraerra—————_ 
eee: Duck haw 
Polyboras planeus_____ South American earacara_——_— 
arsryonoeEs 
‘Cenelaa 
raz fasctolata, ——- Crested. curansow. 
rae rutro— -—-—- Panama eurassow. 
Crow sclatert — Seluter's enrassow- 
Mitu mity——____________ Rasor-billed. curaseow 


_- Argus pheasant 
Cheer phensant. 

Tady Amberst’s pheasint 
Golden phowsant. 
Crested qual 
BabwNlte ee 
Red Jungle fowl _ 
Ceylonese Jungle fow! 

Bantam chicken 

Fighting fowl = 




































= Silver pheamnt__ aa 
Swinhoe’s pheasant 
Himalayan Tmpeyan pheasant_—_— 
Valley qual—_____ 
Pentowl 
Ring-necked phearant_—_____ 
White ring-necked pheasant 
Melnnistic mutant ring.-vecked 
pheteant_—__. 
Green Japanese pheanant__—___—_ 
1 Palawan peacock pheamnt 
Byrmatious reoveat. ‘Reeves? phonsunt. 


Acryttinm yutterinum——_____Vulturine guinea fow!_____ 
Sumida ep Guinea fowl. 























Number, 


Heekeweweunnanwenee uss HHem HoBenwos 


re 


84 





‘Rhinocheton fudatws.——_ 
Gruldao: 

Anthropoides paradisca——_. 

Anthropoliter virgo 

Balearica pavonina.. 

Botserica regulorum gibdberioeps—— 

Grus canadensis canadensis 





Gallinuta ehloropus cachinnane 

Gallinwia oNtorapus orientatle— 
Tdmmnovoraz flovirostra, 
Porphyrio polioceyhalua— 

Carlanidnes 

Cariama oristatu 
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Stanley or Parndige crane 
Demoiselle erane________ 
West African crowned erane—___ 
Bast Afrlean erowned erane———— 


Gruy-headed porphyrio— 


Carinmn or worlama 


‘emAMamrrpmaces 


‘Hemitopodidne: 
‘Haematopus ostralogus 
Qharadriidno: 
Bolanopterwa ehitensle 











Larun novachottandiae.. 
G@inetotlaae : 
Giareota protincole.— 











Baropean ofstor eutehor—.. 


Chilean tapwing.. 





Horring gull 
Ring-bilted galt 






Glancons-winged soll 
Silver gull. 


Collared pratineole_— 











Btreptopelia. chinensla—______. 
Streptopelia chinensis ceylonenate 
Atroptopelia tranquedorica——____ 


Aertir rhsoriun 
Bonaida auriowlata 
Zonaidura macroura. 








‘Groen imperial pigeon. 
Bleedingheart dove. 
‘Sclater's crowned pigeon. 
Vietorin crowned plgeon_—___ 
Caxsin's dore——__ 
Celebian Imperial: pigeon 
Astutie collared dove 
Lace-necked ar aah dove. 
Biuehended ring dove 
Ring-necked dove—____. 
‘South American mourning dove 
Mourning dove ——____. 




























e Rea weHHEme 


Bawee 


rowers ene ee 








& 


arrrsciromsees 
Aeentiso name commen nome ember 
Paittacidae: r, 
“Agapornis pullarta Red-taced lovebind = 
‘Amazona- auropaitiata________Yellow-oaped parrot 


‘Amazona ochrocephala________ Yellow-hended_parrot_______- 
‘Amazons oratrie______________Dooble yellow-headed parrot—.—— 
Hyzetnthine ‘macaw. 

‘Yellow and blve macaw. 
Red, blue, and yellow mucaw.—— 




















Metopaittacus wndulates 
Afyopsitta monachus. Quaker paroquet_——---——__— 
Nandoyve sanday———— 
Nestor notabitte 
Nymphiows hottantiens 
Pionites wanthomeria..._______. Amazonian calqae——_—_____~ 
Palttaoula eupatria_———__— 

Paittocula krameri_— 
Pulttacula longicauda..__ 
Lonygnathus muctiert——_____. 































‘cvoutroms: 
‘Cveutidae: 

Budynamis scolopaoeus_—-—-— Koel —_———-__________— 
Mnsophagidae: 

‘Twracue Heingetoni__..__________ Livingston's twracoa_—_____— 

ermscrromies 

‘Fytonidne: 

Tyte alba pratincote__ Barn owt_——_——________— 
Btrigidue: 

‘Budo virginionue— Great hornet owt 

Ketupa hetupe. ‘Malay fish ow aS 

Nyetea npctea. owt 








‘Soowy 
Ofus asio. Sereech OW, 
Striz aria varta_____ Barred. ow 





re ee ee ee ee 


eeeen 
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‘caPEIMCramroniens 
Aclentife ame Common some Nomber 
Podargidee: 
Podargue strigoidee._______ Tawny frogmouth________ 4 
coumromaces 
Colitdae: 
Colts strigtus________Streaked mouse hinder euly____ 2 
‘coescuroeares 
Aleedinidae: 
‘Dacelo gigas Kookaburra 2 





Haleyou sanctes_________ Sacred kingfisher} 
‘Momotidne: 
Momotue lessoni Motmot 1 





Rammphastidae: 
Aulacorhynchus sulcatus euloctue— Groove-billed toueanet 





| 
I 


























Opanoples cyan Arnrewingsd pie 
Gymnorhina dypoleuca______Whiledacked piplag crow 
Urocisss caerules_______ Formosan red-billed pie. 

Urocissa occipitalis_________ ed-bitled bine magpie. 


‘Aduroedus crassirostris________ Australian catbind 
Bpimachut festuorue——~ Sickebied bint of parading 
Piilonorhynchus ialoceat——— Satin bowerbird 

Soteuoides niger 32-rired bled of paral. 
‘Prenonotwa onatte. ‘Yellow-vented butbal 1 


Irene puelta. Palry blue bird et 








i 
| 
| 
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assmuironices—eootinned 
Selentite nome Common name ember 
“Minldae: 
“Motanotie caerulescens________ Bue mockingbird__—___-___ 1 
Posostoma. rufvm Brows, thrash 4 
‘Purdidae: 
Garrutax poctoratie ploticoltit____ Chinese collared taughtng thrash 1 
Gurruloa perepicitlatus_______Speetacled nnghing thrash 4 
Leiothri: Iuteur Pekin robie rs 
Purdus gray Bonaparte’ thrust 1 
Durdus rufleentria. Argentine robin. Fy 
‘Sturnldae: 
Cormoprorus regis —— Splendid starting. x 
Greatophora cinerea Wattled staring 4 
Gutcopsar saleadorit. Crested starling 4 
Grocutipics melanoptera—__— White stirling 4 
Ploceldae 
Diatropars. proote. Glant whydut. 4 
‘Lonchura: teucopastroides_—_-_-Benalee—___. 5 
Mania majo. ‘White-hoaded mut 2 
Mania malacea, Black throated monia 1 
Munia orysivora Java sparcow, T 
Muna punctulatus ~ Rico bird or mutmey flach 2 
Ploceus boys Baya woaver. 8 
Plogens intermedius ~ Binekcheeked weaver 5 
Plooews rubiphnorue_______Chestuut-breasted weaver 1 
Poephita acuticauda Tong tailed flack 1 
Poephita gouldia  Gontdien fuck = 2 
‘Quelea sanguinirostrts Intermedia Southern muvked weaver finch 
Blegemura paredisea. Paradise whydah 5 
= Zebra finch —— 3 
Taeniopypie castanotie See oe nna ean 
Coerebidae: 
Gyanerpes cysnee_—_ Biue haneyereeper—_— ae 
eteridne: 
‘Agdlaiue ‘daniafile._________ Cuban red-winged Wiackbird 
Cursicutus molanicterus_____ Mexican cuclque——. 1 
Giant oriole a 
— Bullock's trouplal_—— 2 
—_ ‘Troupial 1 
a 
Chitown blackbied ——_____ 2 
= Military starting ——______ 8. 
Plrania bdenteta 1 
Ramphocetue dimltiotin 1 
Ramphooelus flammigerws 4 
Ramphocelua icteromotu. PY 
Thrawpla eplecopes. ‘Blue tamaugee. 2 








Fringittidee: 
‘Stenwbersy. floch——————__ 


European gold finch: 
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Fasauvonirs—contined 


Hotentife meme 
Pringittidae—Continued. 
Corpodacus mesicanur.. 
Coryphospingus ovewtlatus 
Cyanacompsa argentine 
Diwoo dues 











Common mame 


‘Mexican house finch. 
Red-erested: finch 
Argentine blue grosbeak ———___ 
Diuca. tine. 








Boythrura: paittacca——_— 


Lophospingus pusitiua——— 










Stoatle minor. 
Bpinue wropypialia 











~ Gay’ graytiended finch 


New Caledonian parrot ‘finch = 





Canary. 
Mysto finch 
Saffron fen 

‘Leuser yellow fneh——_____ 
Chilian slat 

















Sporophita aurita, ‘Mick's soel-enter—_____ 
Sporophita guttural Yetlow-beltied soed-eater—— 
‘Darie olfeacea—_. Mexican gensuqult. 

‘Blve-black grasoqult 

Chingoto.__ 
eerie id 
omc 

Grocodylidne 
Alligator mtsslasipienaia________ Alligator 


Alligator sinensis. 
Caiman tatirostrts.. 
Caiman sclerope 
Crocodylus dcutus. 
Crocodylie eataphractua 
Orvoodylue wilotions. 
Ormendylus palustris 
Crocodylus pororus—.. 

Crocodytue rhombifor——. 
Osteolaemus tetraspia, 




















Geldkonidne : 













‘Chtneae alligator 
Broadsnouted calman_ 
Spectacted. ealinun— 
American erocodiie 




















Otenosaura wcanthura 
Phrynosoma cornutwn— 
Boeloporua undulatus 









Spiny-taited tguann 
Horved Steard____ 
Pine or fence tsar 











i 


bees eet eeovenan teen 
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‘aan —eotitinuiod, 
Aetontiso name Common same Number 
Anguldae: 
OpMacuras apa. .- Europein glans snake. 1 
OpMsourus vontratie Glues anwke oF Yegloes Txard——_ 
Gorrhonotus coorulens principia Alligator tteard_———_—____ 2 
Hetodermatidae: 
Heéloderma horrid Mexican bonded Hmird______ 2 
Heloderma muapectum Gila. monster 7 
Telldue: 
‘Onemidophorus veatinentus Shettoed mce rane 
Crocoditurus lacertinur.———. Crocodile Waard—— 
Tupinamdla nigromnctatus. Black tegu a 
Conningham’y eklok 
‘Bluo-talled slink — 8 
Miqua soincolder——_.__-_Bluetonguet eard 2 
Varnnidne: 
Faranus komodoensie Komodo dragon. 1 
Yoranna monitor. — Indian monitor, ek 
Varanur nilotiow Nile monitor. 8 
Voranus sateator 8 
orem 
Boldae: 
Bon, cook ———--——-—- =~ 
Charing, bottee 4 
Constrictor eomstrictor. — Bon constrictor 
Conatrictor dmporator ‘Contral America bon. 
Bplerates cenchris Ralobow box 
Bplorates crass. Snlamanta —~ 
Bplonaten striatus 
Runectes murine 





Lichanura roanofuaca—.———--—---- 

Python molurws———_-—_--—. 

Python repiot.. 

Python retiewlatua.—------— 

Python eartegatwe__———. 

Tropidophts melanurus -. 
Cotubriane: 

Carphophis amoona .——.——--—--— 

Coluber constrictor 

‘Oyolagras pias —— 




















‘Cobra de Paraguny—————-—. 








Blaphe guttata. 
Elaphe obsoteta. 
Elaphe quatricitiata__________. Yellow ehicken sanke_———. 
Heterodon contortria. Hog-noned snake 
‘Lampropeltts elute floridana Florida king make ——————__— 
Lampropeltia getutuk gotules —___Chaln or ktog sunke——. 

Natrie placator.—-. Water snake 




















90 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1044 




















ormmu—eontinved 

Rotentine mame Common name Namber 
‘Colubeldae—Continged. 

Watrie scptemeittate ___________ Queen or moon enake-____- 3 

Natriz sp. = Water snake. a 

Pituophia catenifer— Western boll wake 

‘Pituophis catenifer enncctona____ San Diego gopher snake. 2 

Ball snake. Sate al 

Rat stake. 1 

‘Loognosed snake a 

‘De Kay's snake. i 

Western gurter snake 28 

4 











Florida diamond.backe rattlesnake 
Vipera russeitit..___________. Bussell's viper 


pee we 


TESTOUINATA, 
Chotyaidue: 
Batrachomys masta. South American side-necked turtle. 1 
‘@Nelodina longicollis Australian snake-neeked turtle 1 








Hydroapix op.——---—--- South Amoric 


uake-necked 
turtle: 

Uydromedusa tectifera, Soake-oecked turtle _____ 16 

Platemys platycephato... 


Piathended turtie_______ 4 
Platystornidae: 
Platpstermuns wegocephalun___._ Largebended Chinese turtle. 1 


‘Common African water tortoise. 2 
‘South American river tortole 











Central American rusk turtle 1 
Musk turtle. 


‘Snapping turtle. 
Alligator snapping turtie_ 














‘Western painted turtle 
CAryeemye plete. Painted turtle. = 
Clommys guttote. — Spotted: turtle —_____ 
Clommys insoulpts. — Wood turtle ss 














Mae neeneee 
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‘resromtath—continved 
Aclentite nome Cammen name Member 
‘Testadinidae—coutinaed, 
Kiniaye erosa_—___________- West Afriean back-hiniged tortoise. 


Malaclemys contrata. 
Paoudomye conoinna 











Prowdemys elegans. 
Paoudemys ornata. 
Paeudemys rugosa 
Terrupene earotina, 





Cumberland terrapl 

Central American water turtle 
Cuban. terrapin__——________ 
Box tortl 














Terrapens major "— Ploridn box turlle——_______-_- 
Terrapene sp— Mexican box turtte- 

Testulo chlowia.———————-Chlleaw tana tortolve-——————— 
Tertudo sonticulata-——. South Amerionn land tortolse——— 
Testudo elegana Star tortoise. 





Teatudo ephipylum———_______ 
Textudo hoodenis__—______ 
Teatudo ¢orntert.—__________ 
Teatudo wleina. 











‘Duncan Intand tortolse———-——~ 
Hood Iinad tortolse. 
‘Soft-ahelled und tortoise———_—— 
‘Albemarle Inland tortotse.———— 








‘Trlenyebidae: 
Amyita feroe. += foftahotled turtle 
Amyita telwngule——_—- —— West African goft-tholied turtle. 
Asean 
oaupsra 
Silamandridae: 
‘Trituews pyrrhogaster——— 


Triturus toronut. 

Triturus vielderoous. 
Amphinenidaes 

‘Aniphinoma mien 
Cryptobranehtita 

Oryptobrunchws allegantensls 
Neotnridae: 

Necturas macalosue.. 






































‘aaLnoertA 
Dowdrobatiane: 
Dendrobates auratus. _ Arrow-polion frog. 
Butonldae: 
Bufo americanur—. Common toad 
Bufo empusut.. ‘Sapo de conch 
‘Marine toxd__-. = 
Cuban glant toad, 





Cerutophrye ornate. 








Horned trog————————_——— 











Hylid 
“Aerie gryttus. Grloket frog 
Hyla eruciter. ‘Tree trog——. 
Piplida 
Pipa amerteana. ‘Surinam toad. = 








eo «8 » eax & 




















wartesrrt—continned 
Scientific name Common name Somber 
Ranidae: 
Rana cateddelana. Bulitrog. — * 
‘Bana clamitans Green frog. 3 
Rana occipitatis__________ West African bullfrog. 1 
Rana pipiens. Leopard frog. == 5 
Rana syleatica. Wood frog 8 
FISHES 


Acanthophthatmus kuhti—_________ 
Aequidens portategrensis — 

















Gichtasoma featiourn. 








Conyorae melonietive 
Corydoras rabautt 
Corydoras sp 
Hpalzcorhynichus talopterss. 
Bymnocorymbus ternctst. 

Hemigrammins wp. 
Hypheasatrycon tunes 
Kryptopterua bicirrhus—____ 
Tabistes reticulatue — 


























Lagidosiren poradosa_________ South Ameriean tungfist 
Macropodus sp. = Parnitise: ish = 

Molitenieia sphonope Sali molly 2 
‘Nannostomus marginat ae eres 





Platypocettus maculatus. 
Plecostomus sp- 














Reet moon 
Black wag-tall moon 
Goldpiattes___ 











Pristelte riddtet___ 








Protopters annectons 
Prerophylium seatare——_— 
Puntius partipentasona_— 
Rasbora heteramorpha— 
Sorruealmus ternetst 
anichthys albonutes 
















Bete Sh wean nbSSon ele tuossnwuntemunupua 


i 
g 
a 
8 








aARACIENTDR 
‘énceapacam Common as04 
Eurypelma 51 ‘Tarantule ‘4 
Latrodectus mactans. ‘Black widow epider. 8 
esters 
‘tobern te. Glant cockroach. 100 





Respectfully submitted. 


‘Tue Srouerarr, 
‘Smithsonian Institution. 


APPENDIX 8 
REPORT ON THE ASTROPHYSICAL OBSERVATORY 


Sir: Ihave the honor to submit the following report on the notivi- 
ties of the Astrophysical Obsorvatory, including the Division of As 
trophysical Research and the Division of Radintion and Organisms, 
for the fiscal year ended Juno 80, 1944: 


DIVISION OF ASTROPHYSICAL RESEARCH 


No male assistants could be retained at the throe solar-constant ob- 
serving stations, Montezuma, Chile, Table Mountain, Calif., and Ty+ 
rone, N. Mex. on siccount of war conditions. In this situation the 
wives of the three field directors, Greeley, Warner, and Moore, have 
stepped into the breach and are assisting with observing and comput- 
ing. It has therefore been possible to keep the three stations in opern- 
tion in this exceptionally interesting period. 

‘As pointed ont:in Inst. year's report, the predicted march of solar 
variation through 1945 indicates a large depression of solar radiation 
beginning in October 1944, comparable to that which occurred 25 
‘yours earlier, beginning in 1921, Figure 1 shows that the observations 
mado at Montezuma observatory up to the middle of the year 194% 
support thus far the trend of the prediction published in figure 14 of 
‘volume 6 of the Annals of the Astrophysical Observatory. It is there- 
fore confidently expected that the depression of the solar constant 
will begin with October 1944. It is not yot possible to forecast what 
exact affects this depression (similar to that of 28 yours ago) may 
produce in weather, but as stated in an article a generation ago by 
Abbot unusual woather conditions may be anticipated. 

Most of the time of Mr. Hoover, Mrs. Bond, and Miss Simpson at 
Washington, and part of that of Mr. Aldrich has been occupied with 
the reduction and determining of the statistical corrections for the 
solar-constant work of the three observing stations since 1989, Ad- 
ditional types of observing, namely, polarization of the sky, and energy 
‘spectrum observations limited to the ultraviolet region, have xccumula~ 
ted in these recent years, Their bearing on the determination of the 
solar variation is of great intorest, 

‘Mr. Aldrich has been largely occupied with special secret war 
problems, and part of Dr, Abbot's time has been thus spent also, 


"Pro. Nat, And. Be. vol. 9, No, @, pp, 394-108, Sime 1028, 
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‘A major part of Dr. Abbot's work has consisted in the study of 
soler-constant variation and associated solar changes in connection. 
with the weather. A paper entitled “Weather Predetermined by Solar 
Variation” hns resulted, and uppeared just nt the close of the fiscal 
year. In the coursy of these studies it was found that variations of 
the areas of clouds of calcium vapor (caleium floceuli) as photographed 
‘at the Spanish Observatory of Ebro since 1910 were associated in the 
‘same way as solar-constant changes in predetermining tho weather, 
‘his led to an attempt:to weaken the light of the sun's disk by excessive 
spectral dispersion so far as to make visiblo variations of the bright 
Tines of hydrogen or helium in the elromosphere, Doubtful evidences 
of such chromospheric lines wore indoed recorded, but though the 
dispersion of tho third order of a grating of 15,000 lines to the inch, a 
battery of prisms, and » path of 55 metors of travel of the spectrum 
raya were employed, the photospheric spectrum was still too bright 
to disclose plainly the chromoxpherio lines or their variation. 


DIVISION OF RADIATION AND ORGANISMS 


‘As in the precoding year the worle of this Division was mainly 
concerned with secret problems relating to the war, However, « 
paper entitled “The Influence of Light and of Carbon Dioxide on the 
Respiration of Ktiolated Barley Seedlings” was prepared and 
published by Drs. Weintraub and Johnston. 

Respectfully submitted. 

©. G, Anoor, 
Director. 
‘Tux Seowerany, 
Smithsonian Inatitution. 


APPENDIX 9 
REPORT ON THE LIBRARY 


‘Sm: have the honor to submit the following report on the ac- 
tivities of the Smithsonian library for the fiscal year ended June 20, 
‘1044: 

From the point of view of ase, the year has been an outstanding: 
one. Never before in the history of the world have books played #9 
significant a part in the successful waging of war. As the war goes 
fom, the potential importance of all recorded items of human mow! 
fdge throngh integration with others becomes increasingly evident, 
id often is strikingly demonstrated. It seems a far cry from the 
hookstacks of a scientific library to the battlofields of Afriea or the 
South Pacific, but this is a scientific war, and many lives have been 
saved by tho enetly right bit of information about an Ingect, a plant, 
an animal, the ahore line of a far-awny island, or other natural 
features of strange lands found in little-known journals and docu: 
ments on library shelves, 

Tn tho Smithsonian library examples of the conversion to wartime 
tusos of the published results of peacetime scientific investigations and 
explorations might be multiplied almost indefinitely, for the library 
Tres been increasingly used by the war agencies and by individuals in 
the armed forces. In the Museum library alone, where a count of 
reference questions coming from these sources was kept, thers were 
£20 requests for information, many of which required » very considers 
able amount of research to answer, The library of the Buresu of 
‘American Ethnology was frequently called upon, and the resources 
of the Astrophysical Observatory library were often in demand) e- 
Pecially through the loan of scientific journals to other libraries. The 
veaif of tho Ethnogeographic Board constantly searched all the branch 
Libraries for material useful to its various projects in aid of the war 
agencies, 

‘War use.alzo xocounts for the rise in the number of interlibrary 
Tans from 687 in 1043 to 1,363 during the year just, past. 

"The library's large collection of duplicates, too, bas been drawn 
upon by other department of the Government, and many publications 
fio Tonger needed have been sent to fill gaps in sets in the oldar de- 

Tibraries or to help build up special collections in the mare 
‘recently established war agencies, 





oT 
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‘Through the Library of Congress, the Smithsonian library is eo- 
operating with the American Library Asocintion in its program of 
collecting material for aid to libraries in war areas, and has already 
contributed 20,806 parts of periodicals from its stock of duplicates, 
The ultimate destination of some of the longer runs of journals is 


known. 

‘The library has continued to be the collection center for books for 
‘service men and women, and by the kindness of members and friends 
of the Institution, has been able to send about 300 well-selected con- 
temporary books, mostly novels, to the United Nations Service 
Center, and to the Public Library for distribution. 

‘Whether in war or peace, the continuing purpote of the Smithson- 
inn library with its branches is primarily to serve us a tool in the 
scientific work of the Institution, The guiding principle of its 
growth is not to make it a museum of fine books, but an active working 
reference collection. Its main function is to put into the bunds of 
tho scientific investigator the publication containing the information 
he needs, as nearly as possible at the moment he needs it. All the 
detailed and sometimes complicated processes of book selection, ac- 
quisition by purchase and exchange, classification, cataloging and ar- 
rangement, as well as the functioning of ita reference and loan services 
are planned and carried on with this ultimate objective in mind. 

‘Many of these processes aro measurable statistically, and the num- 
ber of books purchased, received by exchange and gift, cataloged, 
circulated, und so on, can be given, like the production Bgures of auto- 
mobile paris, Such Ggures are useful indicators of material added 
and work done, but beyond this, the comparison with industrial out- 
put breaks down, for these library production figures cannot be finally 
reduced to a countable entity like n finished automobile, On the con- 
trary, tho tnost important end-producta of the library's functioning are 
diffised and intangible, They become an integral part of the scien- 
tific accomplishment of the Institution itself, for they go into all its 
investigations in the Inboratory and the field, into the identification, 
description, and exhibition of artifacts and specimens, into the books 
and papers published to advance the boundaries of scientific knowl- 
‘edge. The final test of successful library accomplishment is tse, 
‘Tho mero numbers of books acquired and cataloged mean little unless 
the books have been discriminatingly selected for the purposes they 
must serve, and well and fully cataloged #0 that the information they 
contain can be easily found, 








ACCESSIONS 


Since the first abrupt drop in the receipt of publications from abroad 
after war was declared, there has been a continuous small gradual 
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‘decline in the numbers received. In 1942 there were 426 packages 
delivered through the International Exchange Service, in 1943 there 
‘were 895, and during the year just past, 340, From England, the 
South American countries, New Zealand, Australis, and South Africa 
the receipt af publications by mail, while somewhat fewer than before, 
wns steady and continuous. From other allied and neutral countries 
mail arrived less regularly. It was especially gratifying to receive 
several exchange sendings of considerable numbers of current publica~ 
tions from the Akademii Nauk of the U. 8. S. R, and its branches, 
Losses of material actually shipped were extremely few. 

‘Tho publication of domestic scientific serials declined very little, 

‘The reorganized accessions division functioned smoothly in handling 
both exchanges and purchases. The total number of yolumes pur- 
chased was 1,448, and subscriptions for 240 different periodicals were 
entered. 

‘A few of the most important purchases were: 

For the Bureau of American Ethnology, William Coxe’s “Account 
of the Russian Discoveries between Asin and America," 1780; “La 
Pérouse's Voyage round the World Performed in the Years 1785, 1780, 
1787, and 1788 by the Boussole and Astrolabe,” 2 volumes und atlas, 
1798; and the accompanying “Voyage in Search of La Piérouse . . « 
during the Years 1791, 1702, 1793," by J. J. Labillardiare, 1800. 

For the National Collection of Fine Arts, J. J, Foster's "Miniature 
Painters, British and Foreign, with Some Account of Those Who 
Practiced in America in the Eighteenth Century,” 2 volumes, 1908; 
F. Norfleot’s “Saint-Mémin in Virginia, Portraits and Biographies,” 
iMlustrated with 56 crayon portraits and 142 engravings by Saint 
Mémin, 1942; T, H. Ward's “Romney, a Biographical and Critical 
‘Esiay, with a Catalogue Raisonné of His Works,” 2 volumes, 1904. 

For the National Museum, J. B, Jackson's “An Essay on the Inven- 
tion of Engraving and Printing in Chiaroscuro us Practiced by Albert 
Diirer, Hugo di Carpi, &e . . .” 1754; “Bibliografiin Russkii Pe- 
riodicheskoi Pechati,” 1708-1000, by N. M. Lisovskii, 1915; the third 
edition of Mare Rosenberg’s “Der Goldschmiede Merkzsichen,” 4 vol- 
umes, 1922-1998; Prince Nobusuke Takatsukusa’s “The Birds of Nip- 
pon,” parts 1-7, 1982-1999; “The Aztec and Mays Papermakers,” by 
V. W. Von Hagen, 1948, 








No large gifts of special collections were received, but members and 
friends of the Institution, as always, were generous in making con- 
tributions of important books and pape. Donors were: Dr. . G. 
Abbot, R. 8, Adamson, the American Association for the Advance- 
‘ment of Science, the American Association of Museumns, the American 
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Council of Learned Societies, Glenn D. Angle, Miss A. Margareta 
Archambault, Miss Mary Dorsey Ashton, the Angust E. Miller Labor- 
stories, Silvan F. Baldin, the Balfour Library, Dr. R. 8. Bassler, 
Alexander Bierig, Miss Edna Billings, Mrs. Carl W. Bishop. Bitumi- 
nous Coal Research, Inc., Col. Lawrence B. Bixby, H. H. Bloomer, 
Dr, Gregoria Bondar, the Book Farm, Hattiesburg, Miss, Fernando 
Bourquin, Dr. Adam Bgving, Dr. E. Lucy Braun, Manuel Quins 
Calvo, the Canadian National Railway System, Senator José Manuel 
Casanova, Dr. Edward A. Chapin, Austin H. Clark,J.M. Cotelo Nieva, 
Mariano Cuevas, William F, Davidson, H. G.-Deignan, The Honor- 
able Frederic A. Delano, Dr. Cecil H. Desch, Dr. Horace R. Descole, 
‘The Detroit News, Dr. Harold Edward Dickson, H. N, Dixon, Lauren 
R. Donaldson, Dr. C. J. Drake, the Engine Service and Mfz. Co,, 
William Bacon Evans, Dr. William N. Fenton, Dr. Clarence E. Ferree, 
George E. Folk, Dr. Herbert Friedmann, Per K. Frolich, Dr. Samuel 
Wood Geiser, Haydn Thomas Giles, Ivon M. Glenne, William B, 
Goodwin, Jayme Fernandes Guedes, Dr. David R. Iriarte, Auguste 
and Edesio Irmio, Bernard Jaffe, Jewish War Vetorans of the U. S., 
©, A. Jones, N. G. Kaye, Leon Kelso, Edwin Kirk, Laurence M. 
‘Wlauber, Capt. A.M. Klum, A. J. Kupzow, Lankenau Hospital Re- 
search Institute, Gabriel Lasker, Mrs. M. P. LeRoy, H. L. Ludowyk, 
Miss Margaret C. McCulloch, the Manchester University Press, 
Ernesto Marcus, Eveline duBois-Reymond Marcus, Dr. Carlos A. 
Marelli, C, E. Marshall, Dr. William R. Maxon, Dr. Riley D. Moore, 
Pare Léo-G, Morin, W. C. Muenscher, Miss Helen Munroe, Joaquim 
Nabuco, the National Research Council, the New York Trust Co,, 
F, J. North, Dr. T. L. Northup, Thornton Oukley, Paul H. Ochser, 
Dr. A. d. Olmsted, Dr. Victor Oppenheim, Dr. Charles Owens, Parke, 
Davis & Company, The Pennsylvania Railroad, the Pepperell Manu 
facturing Co., José Perez de Barradas, William H. Phelps, the Phila- 
dolphia Child Health Society, Dr. H. Pittier, Adrien Questel, Charles 
D. Radford, Dr. Frank Raw, Milton Ray, Sr. Dr. Don Adrian 
Recinos, C. F. Richter, R. Ringuelet, Alpheus J. Roberts, B. Sahni, 
¥. Schmid, Dr. Waldo Schmitt, J. F. Schofield, T. J. J. See, Thorvald 
Solberg, J. M. Stanley, H. Stehlé, Carlos Stellfeld, John R. Theaman, 
Dr, J. F. Torrealba, Dr. C. H. T. Townsend, the Union Diesel Engine 
Co,, the U. S. Rocket Society, Inc., Maunsell Van Renssolaer, Dr. 
Egbert H. Walker, Mrs. Fisko Warren, Dr. Alexander Wetmore, Mrs. 
Eleanor White, W. Whittard, the Willard R. Jillson Library, the 
William Mitchell Printing Co., Sgt. Henry J. Young. 


CATALOGING 


‘The cataloging of current material was well kept up. Some changes 
in procedure and in work distribution were effective in shortening the 
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interval between the receipt of new publications and the completion of 
their preparation for use in the various libraries. 

By way of a beginning in taking accurate stock of the large amount 
of umeataloged material in the library, three small collections of 
books on miscellaneous subjects, received some years ago as gifts, and 
numbering 9,906 volumes in all, were roughly classified and listed on 
cards, 


PERSONNEL 


‘There were a number of changes on the staff. Miss Josephine A- 
‘MeDevitt retired on November 30, 1948, after many years spent in the 
service of the Institution, chiefly in the office of the International Cata- 
Jogue of Scientific Literature, but after its discontinuance, in the 
Tibrary. Miss Elizabeth Harriet Link, the ibrarian’s secretary, was 
transferred to the Freer Gallery of Art on October 9, 1943, and Mrs. 
‘Margaret K. Young was appointed to succeed her on November 16. On 
‘September 1, 1943, Mrs. Margaret L. O’Keef was appointed library as- 
sistant in the cataloging division. Mrs. Daisy F. Bishop resigned her 
position as library assistant on January 25, 1944, and Mrs, Marie H, 
Boborykine succeeded to her duties at the periodical entry desk on 
March 14. 

Temporary appointees were Miss Ruth Newcomb, who served as 
library assistant in the Museum from August 24 to September 6, 1943, 
and Mre. Carmen G, Randall who succeeded her on September 80. 

‘There were upward reclassifications of the positions of Miss Miriam 
B, Ketchum, librarian in charge of the Bureau of American Ethnology 
library, of Mrs. Mary A. Baer, librarian in charge of the Arts and In- 
dustriee branch of the Museum library, of Miss Marie Ruth Wenger, 
in charge of cataloging in the Museum, and of Samuel Jones, 
messenger. 
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“Rechanges 
‘Now exchange arranged.———————________. 198 
44 of theso were nsalgned to the Smithsuntan Deposit, 
“wants” recived. 4.420 
(650 of these were obtained to All gape in the Smithsonlan Deposit sets. 
Cataloging 


Volumes and pamphlets cataloged ——_—_—_______— 
Crd Bed tn catalogs and whelfliat,——— 


Periodicals 
Porlodien! parte entered —___________.. 
‘B,151 of theo were sent to the Smithsonian Deposit, 


Circulation 








‘Loans of books and periodteats.. 

‘This figure doos not Include the very conslderable Intramural it~ 

culation of books and periodicals assignod to metional Lbearien for 
‘lng, of which oo count x kept. 











Binding 
Vonumen went. to the Bindery=—————— 
Respectfully submitted. 
Lana F 
‘Tue Seounrany, 


Smithsonian Institution, 


APPENDIX 10 
REPORT ON PUBLICATIONS 


Sm: I have the honor to submit the following report on the pub- 
lication of the Smithsonian Institution and the Government branches 
under its administrative charge during the year ended June 90, 1944, 

‘Tho Institution published during the year 4 papers in the Smith- 
sonian Miscellaneous Collections; 7 papers in the War Background 
Studies series; 1 Annual Report of the Board of Regents and pam- 
philet copies af 20 articles in the Report appendix; 1 Annual Report 
of the Secrotary; 2 special publications; reprints of 2 papers in the 
Miscellaneous Collections and 1 special publication, and additional 
copies of 1 volume of tables. 

‘The United States National Musou issued 1 Annual Report; 14 
Proceedings papers; 4 Bulletins; 1 soparate paper in the Bulletin 
‘series of Contributions from the United States National Herbarium. 

‘Tho Bureau of American Ethnology issued 1 Annual Report and 
6 Bulletins. 

‘The Freer Gallery of Art issued 1 pamphlet. 

Of tho publications there were distributed 172,027 copies, which 
included 54 volumes and separates of Smithsonian Contributions to 
Knowledge, 19,906 volumes and separates of Smithsonian Miscel~ 
Janeous Collections, 91,416 volumes and separates of Smithsonian 
Annual Reports, 78,149 War Buckground Studies papers, 4,911 Smith- 
‘sonian special publications, 28 reports on the Harriman Alaska Expe- 
ditian, 40,817 volumes and separates of National SMfuseum publications, 
14,009  publiestions of the Bureau of American Ethnology, 9 catalogs 
of the National Collection of Fine Arts, 2 pamphlets of the Freer 
Gallery of Art, 23 Annals of the Astrophysical Observatory, and 
1,194 reports of the American Historical Association. 


SMITHSONIAN MISCELLANEOUS COLLECTIONS: 
‘Four papers in this series were issued, 28 follows: 
VOUTME 104 
No, 1, ‘The feeding apparatus of biting and disease-carrying les: A wartime 
‘contribution to medical entomology, by BE. Snodgrass. 51 pp 18 Mex. (Pobt 
‘BTZ) July 19, 16, 
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No.2 Crom sections of New World preblatory: A brief repert om the work 
of the Tastitate of Andean Research, 141-1942, by William Dimena Strong. 46 
‘PP. 88 pla, 1 fig, (Publ, 3739.) December 21, 143. 

"Xo. 8A STalny period in Washington precipitation, by CG. Abbot. 4 yp, 1 
fg (Publ $765.) Febrnary 3, 1944 

No.4. The lofluence of light snd of carbon Alaxde on the respiration of 
otiolated batiey seedlings, by Robert I. Weintraub and Exel S. Sohmston. 16 pps 
‘2pls, Shige (Publ. 3700.) Juve 23, 14 

‘The following Miscellancous Collections papers were reprinted: 

youre 80 


Smithsonian Meteorological Tebles. Fifth Revised Edition. First Reprint 
{additional copies printed without change), Loxcxvi+28% pp. (Publ. 311M) 


YOLUME 03 


No. & Molluscan intermediate hosts of the Asiatic blood Muke, Sohiatoroma 
Joponicim, and species confused with them, by Paul Bartsch. 0 pp. $ nls. 
(With description of 2 new species, 5 pn, 2 ex) (Publ. $354) 


VOLUME 104 


‘No. 1. The feeding apparains of biting and diseasecarrying flies: A wartime 
contribution to medical entomology, by I. E Snodgrass. 51 pp.18tigs (Publ. 
3782) 

WAH BACKGROUND STUDIES 


In this new series of Smithsonian publications, there were issued 
during the year the following 7 papers: 

No. 18, Alnaka: America's continental frontier outpost, by Timest P, Waller. 
21 pp, 21 ple, 2 ge. (Pobl. 2782) July § 1042. 

No, 14, Isands ud penples of the Todles, by Raymond Kennedy. hyp, 21 
pia, T gs, (Publ. 3704) August 5, 1912. 

‘No, 15. Iceinnd and Greeniand, by Austin H. Clark, 108 pp, 21 pls, 2 figs 
(Publ. 3735.) August 19, 1043 

‘No, 16. Island peoples of the western Parific: Micronesia and Melnnewia, by 
‘Herbert W. Krieger. 104 pp, 21 pls, 2 figs (Publ. 3737.) September 15, 1041, 
‘No. 17, Burma—Gateway to China, ty HG. Dviguai. 21 yp, 10 pln, 1 fe 
(Pabl. 3788.) October 2, 194%, 

No, 18. Peoples of India, by Willlam H1 Gilbert. 85 pp, 21 ple, Stiga (Publ. 
‘BI07.) April 29, 1064 

'No, 10, The peoples of French Indochina, by Olor RT Janse 28 pp, 2% pla 
‘Ifig, (Publ. S708) June 12, 1944. 


War Background Studies No. 20, “China,” by Archibald C. Wenley 
and John A, Pope, was in press at the close of the fiscal year. 
SMITHSONIAN ANNUAL REPORTS 


Beport for 19}2—The complete volume of the Annual Report of the 
Board of Regents for 142 wns received! from the Public Printer on 
September 24, 1943. _ 


HEPORT OF THE SBCRETARY 105 


Aunaal Report of the Based of Regenty of the Sintthsoulan Institution showing 
‘the operations, expmditures, and condition of the Institution for the eur ended 
Fume 30, 10K -xINL4-421 pp, AF pIs, 44 Migs. (Publ BTV.) TMB, 


‘The genera! appendix contained the following papers (Publs. 9706- 
8725): 
me 101 texts of the Langley “aerodrome,” ty ©. G. ABBE. 
‘Tho problem of the expanding unlverse, by Edwin Hobbie, 
Galaxies, by Harlow Shatley. 
Is there life on the other worlds? by Sir James Jeans 
‘Solar radiation and the state of the atroxphere, by Harlan ‘True Stetsot. 
‘Tho wun and the earth's magnetic Meld, by J. A. Wleming. 
Uitraviolot light ain sunitary ald, by Louie Gersbenteld, 
‘Trends In petroleum geology. ty AI. Lavorsen. 
Meteorites aod thelr motalle constituents, by HP. Henderson und Stuart 
HL. Perry. 
Philippine tektites and the tektite problem in general, by H. Otley Beyer, 
‘Chewteat properties of virures, hy W. M. Stanley. 
Industrial development of syuthetie vitkming, by Randolph ‘S. Mayor, 
‘The untritional requirements of tan, by C. A. Btvehjens. 
Past ant pragent watus of the murine mnmmula of South America anid 
tho West indles, by Remington Keltosx, 
‘The roturw of the tusk ox, by Stanley P. Young. 
Tosect eneruies of our ceretl ervps, by CM. Packard. 
"The geographical aspects of nmlarin, by Sir Malcolm Wateon, 
‘The bromedlads of Braz, by Milford B. Foster. 
Canada’s Indian problems, by Diamond Fonnvss, 
‘Dakar and the other Cape Verde sottiements, by Derwent Whittlesey, 


Report for 1943.—The Report of the Secretary, which included the 
financial report of the executive committee of the Board of Regents, 
‘and which will form part of the Annual Report of the Board of 
Regents to Congress, was issued Decenber 21, 1948. 

Teeport of the Secretary of the Smithsonian Thetitution aud trinelal report ut 
the executive committee of the Board of Regents for the year ended June 30, 
1948, 6x05 pp.,2 pla. (Publ, 8740.) 2048. 

‘Tho Report volume, containing the general appendix, was in press 
at the close of the year. 


SPECIAL PUBLICATIONS 


Classified tit of Smithsonian publications available for distribution October 
1, 1943, by Hulen Munroe 47 pp. (Pub). 5196.) October 1, IMS. 

‘A field collectorn manual tn natural history, by. members of the stat of the 
‘Smilthaonlats uarlintion, 118 yp, O8-Ogs. (Publ BTVG) Apel 2, 14, 


‘The following special publication wns reprinted: 


Handbook of igo National Alreratt Collection, by Paul £ Garber. Fieus 
BAitlon, AG pp, 28 pik fig. (Publ. 268%) 
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No, 2 Cross weetlons of New World prehistory: A brief report on the work: 
of the Institute of Andean Research, 1041-1912, by William Dunenn Strong. 46 
pb 89 pls, fig. (Publ, STH.) December 21, 104, 

No, & A Zitay period In Washington precipitation, by OG. Abbot. 4 pp, 1 
fig. (Publ. 370.) February 3, 1044. 

‘No, 4. Tho Influence uf ight and of earbon oxide on the respiratiow of: 
etiolated barley seediings, by Robert I. Weintraub and Earl 8, Johnston. 16 pp, 
pla, 8 figs, (Pobl. A780.) June 28, 1644, 


‘The following Miscellaneous Collections papers were reprinted : 


‘VOLUME 56 


Smithoonlan Meteorological Table Fifth Revised Gaition, First Reprint 
(additional copies printed without change). txxxvi4-28 pp, (Publ. 3116.) 


‘YOUUME 0s 


No. 5. Motinscan Intermediate hoots of the Aslutic blood fluke, Schistosoma 
foponioun, and species confused with them, by Paul Bartech, 00 pp, 8 pis 
(With deseription of 2 new mpecies, 5 pp. 2 figs.) (Publ. 338%) 


vouuae 104 


No, 1. The feeding apparattis o€ biting and diseasecarrying flee; A wartime 
contribution to medical entomology, by R. . Saodgrass. GX pp, 18 figs, (Publ. 
riz) 

WAR BACKGROUND STUDIES 


In this new series of Smithsonian publications, there were issued 
during the year the following 7 papors: 

No, 18, Alaska: Ameriea's continantal fronfler outpost, by Henest ®. Walker: 
21 pp, 21 pla, 2 fies. (Publ. 3733.) Joly S, 1943, 

‘No. 14. Intands and peoples of the Indies, by Raymond Kennedy, 66 pp, 21 
pis, T figs, (Publ. 3734.) August 5, 1944, 

‘No, 15, Iceland and Greenland, by Austin H. Clark, 108 pp, 21, pla, 2 thes. 
(Pobl. 8785,) August 19, 1948 

No. 16, Island peoples of the western Pacifie: Micropesta end Melanceia, by 
Horbort W. Krieger. 104 pp. 21 pla. 2 figs. (Publ. $787.) Saptetnber 15, 1943, 

‘No, 17, Barma—Gateway fo China, by HG. Delgmin. 21 pp, 16 pla, 1 fie. 
(Publ. 3788.) October 29, 1048, 

No, 18, Beoples of India, by William H. Glibert BY pp, 2Upla, 8 figs. (Publ, 
‘BTOT.) April 29, 1044, 

No, 19. The peoples of French Indochina, by Olor KR. 'T. Janse, 28 pp. 25 pla, 
Tfig. (Publ. 3768) June 12, 1944. 


War Background Studies No. 20, “China,” by Archibald 
and John A. Pope, was in press at the close of the fiseal year, 





. Wenley 


SMITHSONIAN ANNUAL REPORTS: 
Report for 1942—The complate volume of the Annual Report of the 
Bourd of Regents for 142 was received from the Publio Printer on 
September 24, 1943. 
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Annual Report of the Board of Regents of the Stnithsonian Institution showing: 
the operations, expenditares, and covditlon of the Institution for the year ede 
Tune 30, 1042 -xill +420 pp, SS pls, 44 figx (Pobl S705.) 1043. 

‘The general appendix contained the following papers (Publs. 8706- 
795) 

“the 1914 teats of the Langley “aerodrome,” by C. G. Abbot. 

‘The problen o¢ the expanding universe, by Edwin Hubble. 

Galaxies, by Harlow Shapley. 

Is there life on the other worlds? hy Sir James Jeans, 

Solar mdintion and the stute of the atmosphere, by Harlan True Stetson. 

‘The sux and the earth's maguetic fd, by J. A. Fleming. 

‘Ultraviolet light as a sanitary ald, by Lovls Gershenteld. 

‘Trends In petroleum geology, by A. 1. Levorsen. 

Moteotites und thelr metalile comstituents, Uy B. P. Henderson and Stuart 
HE Perry. 

‘Philippine tektites and the tektlte problem in general, by HL Otley: Heyer. 
Chemical properties of viruses, by W. Bf. Stanley. 

Industrial development of erutbetlc vitamins, hy Randolph ‘7. Major. 
‘The nutritional requirements of man, by CA. Btvehjen. 

Past and present status of the marine mammals of Soath America and 
‘the West Indies, by Remington Kellogg. 

‘The return of the musk ox, by Stanley P. Young. 

Insect exenules of our cereal crops, by C. M. Packard. 

‘The geographical aspects of malarin, by Sir Malcolm Watson. 

‘The bromelinds of Brazll, by Milford B. Foster. 

Gunads's Indian problems, by Diamond Jenne 

Dakar and the other Cape Verde sottements, by Derwent Whittlesey. 


Report for 1943—'The Report of the Secretary, which included the 
financial report of the executive committee of the Board of Regents, 
and which will form part of the Annual Report of the Board of 
Regents to Congress, was issued December 21, 1948. 

‘Report of the Secretary of the Smithsonian Institution and Moancial report of 
the executive committee of the Board of Regeats for the year ended June 30, 
1049, 1495 pp 2 pla. (Publ 3740.) 1048. 

‘The Report volume, containing the general appendix, was in press 
At the close of the year. 


SPECIAL PUBLICATIONS 


Clussttied Hist of Smithsonian publications available for distribution October 
1.1943, by Helen Munroe 47 pp. (Publ, 3730.) October 1, 1043, 

‘A field collector's wannual iu natural history, by members of the etait of the 
‘Smlthsonlan Institution. 118 pp, 06 gx. (Bobi. S706) Ape 2, 1044, 


‘The following special publication was reprinted : 
Handbook of the National Aireraft Collection, by Paul . Garber. Pitth 
Baition. 43 yp. 20 ple, Lig. (Publ. $685.) 
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PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM 


‘Theeditorial work of the National Museum has continued during the 
year under the immediate direction of the editor, Paul H. Ochser. 
‘There were issued 1 Annual Report, 14 Proceedings papers. 4 Bulletins, 
and 1 separate paper in the Bulletin series of Contributions from the 
United States National Herbarium, as followa: 


aeUsLUM REPORT 


Report ou the progress und condition of the United States National Museum 
for the fiseat year ended June 80, 1948. 1114-108 pp. January 1944. 


PROCEEDINGS: VOLUME 01 


Title page, table of contents, and index. Pp. I-vill, 621-822. October 26, 
1048. 
VOLUME 92 


‘Title page, table of contents, and Index. Pp. j-vill, 621-068. November 20, 


vou 93 


No, $107, New species of hhuprestid beeties of the geaus Agrilvs from ‘Pein. 
Mad, by W. 8 Fisher. Pp. 875-890. July 26, 1048. 

‘No, 8168. Some fungus heetles of the family Endomychldae in the United 
States National Museum, mostly from: Latin America and the Phlliypine Islands, 
by HLF. Strohecker, Pp. 851-902, ig. 12 August 5, 1048. 

‘No. S169. Summary of the collections of anakes and erocoditiany made tn 
Moxico under the Walter Rathbone Bucon traveling scholarship, by Hobart 2. 
Smith, Pp, 899-04, figs. 18-15, pl, 32 October 20, 1983. 

‘No. 8170, The North American parasitic wasps of the genus Tetrastichus—A 
fontribution to blologlest control vif Insect pesta, by B.D. Burks, Pp. 505-008, 
figs 16-21. October 28, 1942, 

‘Title page, table of contents, and index. Pp. t-vill, 600-047, April 1, 1944, 


YOUTME D4 


No. S171. Catalog of tmuman eranla in the United Statey National Moseum 
‘collections: Non-Eakinio people of the Northwest coast, Alaska, and Siberia, by 
‘Aled Hedlidka. Pp. 1-172. April 6, 1044. 

No, 172. ‘The catfidber of Venemela, with descriptions of thisty-olght new 
forms, by Leonard P, Schulte Pp. 178-858, gn 1-5, ple 1-24 Pebruary 31, 
1H. 


No. SITB. Revisions of two genera of chalcld-fiies belowsing to the family 
Bupelmidae trom North tnd South Amerion, by A.B. Gahan, Pp, 580-260, 
November 26, 1048. 

No, 3174, New species of American acolytold beetles, mostly Neotropleal, by 
AMLW. Blackinan. Pp, 873-890, ple 15-17. November 22, 105%. 

No, 317%, A revialon of the Embloptera, or web-splnners, of the Now World, 
hy Raward 8. Ross. Pp. 401-004, fs. €-106, pla. 18-19. January 39, 1014. 

‘No. 3170 Twelve new epectes ot Chinese loar-katydide of the genus 
Aiphidiopsis, by Ernevt We Tinkham, Pp. 606-527, Ng. 157, Aprit 20, 1044. 
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VOLUME 93 


No, 9178 New American cynipids trom galls, by Lewis H. Weld. Pp. 1-24, 
pl, 1-2 April 16, 1988. 
BULLETINS 


No, 188. Archeological Investigations in Platte and Clay Counties, Missouri, 
by Waldo R. Wedel, With appendix, Skeletal remains from Platte and Clay 
rant, Aira, by Date Seow. ‘vill +288 pp, 22 figs, 00 pls. October 
1 

‘No. 184 The metallography of meteoric iron, by Stuart H. Perry. vill-+-200 
pp, 9 fies, 78 pls. February 15, 104. 

"No. 185, part 1. Checklist of the coleopterous insects of Mexico, Central: Amer 
ten, the West Indies, and South America, compiled by Richart E, Blackwelder. 
x1L-F188 pp. March 7, 104. 

‘No. 185, part 2 Checklist of the coleopterous insects of Mexico, Central 
‘America, the West Indies, and Soath America, complied by Bichard EL Binck- 
‘welder. Pp, 180-941 June 30, 1944. 


CONTHIBUTIONS FROM THE UNITED STATES NATIONAL HERBARIUM 
YoLUME 29 


Past 1. Taxonomle studies of tropical American plants, by ©. ¥. Morton. Pp. 
bal, 198 March 23, 1944. 


PUBLICATIONS OF THE BUREAU OF AMERICAN ETHNOLOGY 


‘The editorial work of the Bureau has continued under the immedi- 
ate direction of the editor, M. Helen Palmer. During the year there 
were issued 1 Annual Report and 6 Bulletins, as follows: 


Sixtieth Annual Report of the Bureau of American ‘Ethnology, 
1942-1943. 9 pp. January 1944. 


‘BULLETINS 


183. Anthropological papers, numbers 19-2. 1x+615 pp, 24 pi, 62 figs. 
1018. 

No. 19. A search for songs among the Chitimachs Indians to Loulalans, 
by Frances Densmore. 

‘No, 20. Archeological surrey on the porthern Northwest const, by Paitip 
Drucker; with appendix, Early vertebrate fauna of the British Columbin 
coust, by Edna M. Pusher. 

‘No. 21. Some notes ox a few sites In Beaufort County, South Caroling, by 
‘Regina Flannery. 

‘No: 22. Ao analysis and {nterpretation of the ceramic remains fram two 
sites near Beaufort, South Carolina, by James B. Griffin. 

No, Zh ‘The eastern Cherokees, ty William Harlen Gilbert, Jr. 

No. 24. Aconite poison whaling In Asta and America: An Aleutian tratis- 
Iter to the New World, by Robert F. Selzer. 

‘No. 25. The Carrier Indians of the Bulkley River: Thelr social and 
religious life, by Diamond Jenness 

‘No. 26 The quips and Perurian civilization, by John R, Swanton. 
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180, Anthropologleal papers, numbers 27-82. vill4376 pp. 82 pla. 5 flex 
1043, 
‘No, 27, Musle of tho Indians of British Columbia, by Frances Densmore. 
No. 28. Choctaw music, by Frances Densmore, 
No, 2. Some ethnological data concerning one hundred Yueatan planta, 
by Morris Steggerda. 
No. 90. -A deseription of thirty towns in Yucatan, Mexteo, by Morris 
Steggerda. 
‘No. 91. Some western Shoehon! myths, by Julian H. Steward. 
No. 82 New material trom Acoma, by Lesile A. White. 
288, Stone monuments of aouthern Mexico, hy Matthew W: Stiring. vii-+8+ 
pp, © pla, 14 fige 1018, 
139, An Introduction to the ceramics of ‘Tres Zapotes, Veracrun, Mexico, hy 
GW, Welunt. xiv3-144 pp.,78 pls. 04 figs, 10 maps, 1043, 
140, Ceramle nequencea ut ‘Tres Zapotes, Veracruz, Mexico, ty Philip Drucker. 
154155 pp. 05 pis. 40 Os, 1043. 
JsL, Cerumle stratigraphy nt Cerro de Ins Mesas, Veracrus, Mexico, by Philip 
Drnckor. vill++05 pp, 88 pis, 210 figs. 1048, 


PUBLICATIONS OF THE FREER GALLERY OF ART 


‘The Freer Gallery of Art issued 1 pamphlet, as follows: 


The Freer Gallery of Art of the Smithsonian Institution, 12 pp, 5 pts 2 
fig. Jnnunry 1044. 


REPORT OF THE AMERICAN HISTORICAL ASSOCIATION 


‘The annual reports of the American Historical Association are 
transmitted by the Associntion to the Secretary of the Smithsonian 
Tnstitution and are communicated by him to Congress, as provided 
by the act of incorporation of the Association. ‘The following report 
volumes were issued this year: 

‘Annan! Report of the Ameériean Historical Axweclation for the year 1042: 
Volume 1, Proceedings and Ust of members: Volume 2 Letters trom the Berlin 
Embassy. 

‘The following were in press at the close of the fiscal year: Annual 
Report for 1942, Volume 8 (The quest for political unity in world 
history) ; Annual Report for 1943, Volume 1 (Proceedings) und Vol- 
ume (Writings on American History). 


REPORT OF THE NATIONAL SOCIETY, DAUGHTERS OF THE AMERICAN 
REVOLUTION 


‘The manuscript of the Forty-cixth Annual Report of the National 
Society, Daughters of the American Revolution, was transmitted to 
Congress, in necordance with law, November 15, 1913, 
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ALLOTMENTS FOR PAINTING 


‘The congressional allotments for the printing of the Smithsonian 
‘Annual Reports to Congress und the various publications of the Goy- 
ernment bureaus under the administration of the Institution were 
virtually used up at the elose of the year. ‘The appropriation for the 
coming year ending June 30, 1945, totals $88,500, allotted as follows: 


‘Smithsonian Institution_— $18, 000 
Natiooal Maseum_———_—__ 

‘Bureau of Ameriean Ethuology—— 
‘Natloual Collection of Fine Arts 
Tnteraatlonal Exchanges 
‘Nations? Zoologteat Burk — 
Axtrophysicat Observatory. 
‘Anerlean Historical Association 








— $8,500 


‘Potal_____. 


Respectfully submitted. 


‘Tux Sxcuerary, 
Smithsonian Institution. 





W. P, Teur, Chief, Editorial Division, 


REPORT OF THE EXECUTIVE COMMITTEE OF 
THE BOARD OF REGENTS OF THE SMITH- 
SONIAN INSTITUTION 


FOR THE YEAR ENDED JUNE 30, 1044 


To the Board of Regents of the Smithsonian Institution: 

“Your executive committee respectfully submits the following report 
in relation to the funds of the Smithsonian Institution, together with 
a statement of the appropriations by Congress for the Government 
bureaus in the administrative charge of the Institution. 


‘0f $530,000. 

‘Bince the original bequest the Institution has recelred gifts from various 
urces chiefly tn the years prlor to 1893, the income from which may be used 
for the geseral work of the Institution, These, including the original bequest, 
plus savings, are fisted below, together with the Income for the present year. 


ENDOWMENT FUNDS. 
(income for unrestricted use of the Institution) 
Partly deposited in U. 8. ‘Treasury at 6 percent und partiy invested In stocky, 
onda, ete. 
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‘The Institution holds also a number of endowment gifts, the income 
of each being restricted to specific use. ‘These, plus necretions to date, 
aro listed below, together with income for the present year. 
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‘The ubove funds amount to a total of $2,701,820, and are carried 
in the following investment accounts of the Institution: 


U.S, Treasury deposit account, drawing 6 percent interert——_— $1,000, 000. 00 

















‘Consolidated investment fund (income in table below) 1,872, 016.41 
Boal estate, mortgages, ete TTT BT 
‘Special funds, mlseellaneous Investments —— 5, 028,70 

2,701, 220.48 


coNsoLIDATED FUND 


‘This fund contains substantially all of the investments of the Institu- 
tion, with the exception of those of the Freor Gallery of Art; the 
doposit of $1,000,000.00 in the U. S. Treasury, with guaranteed income 
of 6 percent; and investments in real estate and real estate mortgages, 
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‘This fund contains endowments for both unrestricted and specific use. 
‘A-statement of principal and income of this fund for the last 10 years 
follows: 


























CONSOLIDATED FUND) 
Gain In Investments over year 1043 


Investments made from gifts and savings on Income $46, (61. 60 
Investments of guin from sates. ete., of securities —————— 9, oa 12 


5, OR. 82: 





FREER GALLERY OF ART FUND 


Early in 1006, by deed of gift, Chnrles L. Freer, of Detroit, gave 
to the Institution his collection of Chinese and other Oriental objects 
‘of art, as well as paintings, etchings, and other works of art by Whist- 
Jer, Thayer, Dewing, and other artists. Later ho also gave funds for 
the construction of a building to house the collection, snd finally in his 
will probated November 6, 1919, he provided stock and securities 
to the estimated ealne of $1,083,591.49, as an endowment fund for the 
‘operation of the Gallery. 

‘The above fund of Mr. Freer was almost entirely represented by 20,- 
405 shares of stock in Parke, Davis & Co. As this stock advanced in 
value, much of it was sold and the proceeds reinvested s0 that the 
fund now amounts to approximately three times the original value, 
for $5,881,402.17, in n selected list of securities classified Inter. 

‘The invested funds of the Freer hequest are under the following 
headings 

















Court and groundy fund—____________________ 8058, 504. 68 
(Goutt and grounds maintenance fund 105, 47. €0. 
‘670,000, 62 

4,380, 597.22 

#881, 40017 
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recs rom 
Gantz tn tnvestments over rear 1048 
Investment of gain from sale, call of securities, ete. $44,600.10 


‘SUMMARY 

Invested endowment for general purposes—______ $1,346, 626. 67 
Invested endowment for specilic purposes other than Freer endow- 

ment. 1, 851, 098. 81 








‘Total invested endowment other than Freer endowment 2, 701, 820.48 
Freer invested endowment for spectic purposes__________, 881,402 17 


‘Total tavested endowment for all purposes 5.682, 722, 0 
(CLASSIFICATION OF INVESTMENTS 


‘Deposited in the U.S. ‘Treasury at 6 percent per annum, 2s author 
1eedt In the United States Revised Statutes sec. 5501 $1, 000, 000. 00, 
Investments other than Freer endowment (cost or market valge 

















sat date acquired) 

Bonds (16 different groups) $002, 791.4% 
Stocks (48 different groups) ——————----__ 901, 420.94 
‘Real estate and firat-mortgage notes. 204, 004. 24 
ninvested eapltal 8. 00 

1.701, 220.45, 

‘Total investments other than Freer endowment 2,701, 820, 45 
Investments of Freer endowment (cost or market value at date 

Required) = 

Bonds (25 different groups) $2, 817,447, 75 
Stocks (02 different groups) 8, 220, 67.19 
Real estate first-mortgage notes 7, 000, 00 
Cnlnvested capital ————___— — zs 

$5,851, 408,07 








‘Total tnvestments___——_—_ BR, THO 


CASH BALANCES, RECEIPTS, AND DISBURSEMENTS DURING THE 
FISCAL YEAR* 


‘Cash batance on hand June 30, 104%_________________ $011, 608.48 
Receipts 
‘Cash income from various sources for general 
‘work of the Institutlon ________ $85, 580.70 
Cash gitts and contributions expendable for spo 
‘cal selentifie objects (not for Investment)—— 75, 419, 88 
Cash income from endowments for apecifie are 
other than Preer endowment and from miseel- 
Ianeous sources (Jncluding refund of temporary 
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CASH HALANOES, RECEIPTS, AND DISBURSEMENTS DURING THE 
FISCAL 


‘YEAR—Continwet 
‘Receipts—Continued. 
‘Cash Income from Freer endowment $210, 063. 
‘Cash capital from sale, eall of securities, ete. (for 
{nveatment) 





710, 00. 26 
‘Total receipts from Freer endowment. $020, 708,15, 





Motwt_——— 
Disbursements: 

Brom funda tor general work of the Turtitution : 
Bofldings—eare, repairs, and alterations $9,240.87 
Furaiture and fixtores_———_______ 83.00 
Genernt administration * 34, 008.20 
Library. 
Publications (comprising preparatiou, print- 





1, 775, 88 














From funds tor epeciiic wie, other than Freer 
‘endowmen: 
Investments made from gifts and trom sar- 
Ings on tocome.. 
‘Other expenditures, consisting largely of 
Fesearch work, travel, Increase and care 
of wpeclal collections, ete., from income 
of endowment funds, and from cash gifts 
ffor specific use (inclading temporary nd- 
vYanees) —_________. 118, 401, 61 
Relnvestment of cash capital from sale, elt 
of securities, ete. 
Cont of handling securities, fee of tnvest- 
ment counsel, and accroed {terest on 
bonds purchased TLL 








46, 061. 80 





20, 000.33 








Prom Freer endowment: 
‘Operating expenses of the gallery, salaries, 
field expenses, ete________________ 4, 704, &2 
Purchase of art objects_________ 196,774.81 
Relnvestment of cash eapital from sale, call 
‘of securitien, ete_____ 700, 947.81 
Cont of handling securities, fee of tavext- 
‘mont counsel, and accrued interest on 
bonds purchased, 


‘Cush balance June 90, 1944 ____ 


20, 902.18 








(963, 449, 12. 
Tis 14. 48 





‘Total. - 2, 101, 775. 88 
Included in the ubove receipts was cash received 1s royalties from 
sales of Smithsonian Scientific Series to the amount of $21,15031. 


‘Tihs Includes salty of the Recretary and certatn eters 








REPORT OF THE EXECUTIVE COMMITTER: pot 
‘Chis was distributed as follows: 





24, 100, 81 
Included in the foregoing are expenditures for researches in pure 
science, publications, explorations, care, increase, and study of col- 
lections, ete., as follows: 
Expenditures from genera! funds of the Institution: 
Publiiatdeg oS LTD 
Researches and explorations. 








Axporidituires from funda devoted to specttie purpon 
Researchen nud explorations ——____. 
Care, tnerenne, and study. of apecial collection, 
Publications. 











Try 
‘Tho practice of depositing on time in local trust companies and 
banks such revenues as may be spared temporarily hus boen continued 
uring the past year, and interest on these deposits has amounted to 
$057.18. 
‘The Institution gratefully acknowledges gifts or bequests from the 
following: 
Carnegie Institution, for the support and maintenance of dintom stuitler. 
‘Thomas @. Corcoran, toward the purchase of portrait of George Washington 





Carrer, 

Faith #, B. and George B, Bngelbardt, for assistance in publication of butletln 
by the late George D. Engelhardt, 

Friends of Dr, Atbert 8. Hitchcock, for the Hitehcock Agrostological Library. 

‘Joho A, Roebling, tarther contributions for research (n radiation. 


All paymonty are made by check, signed by the Secretary of the 
Institution on the Treasurer of the United States, and all revenues are 
doposited to the credit of the same account. In many instances depos 
its aro placed in bank for convenience of collection nnd later are with- 
drawn in round amounts and deposited in the Treasury. 

‘Tho foregoing report relutes only to the private funds of the 
Institution, 

‘The following annual appropriations were made by Congress for 
the Government bureaus under the administrative charge of the Smith- 
soninn Institution for the fiscal year 1944, 

Salaries and Expenses, 1044 


National Zoologleal Park, D, C., 2044-210, 180,00 
‘Cooperntion with the American Republics (tranafer to the Smith: 


_- $1,120, 010, 00, 
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‘A deficiency appropriation of $57,000 was also made by Congress to 
pay Federal employees for overtime work, 5 

‘The report of the audit of the Smithsonian private funds is given 
below: 

‘Srrrescmes 30, 1044 
Exeounive Counerrmns, Bost or Brcents, 
‘Smithsonian Institution, Washington, D. 0. 

‘Sma; Pursuant to ngreement we hare audited the accounts of the Sialtheontan 
Institution for the fiscal year ended June 80, 104, and certify that the balance 
‘of cash on hand, including Petty Cash Fund, June 90, 1944, to be $721,214.48, 

‘We have veritied the record of receipts and disbursements maintained by the 
‘sttttlon und the ugeeemat of the book balances with the bank balances. 

We have examined all the securities in the custody of the Institution and In 
‘the custody of the banks and found them to ugree with the book records. 

We have compared the muted Income of auch ecuritlee with the receipts of 
fecord and foun them lo kgreement therewith. 

We have examined all vouchers covering disbarwements for necount of the 
Tnatitution during the fiscal year ended June 80, 1014, together with the authority 
therefor, and have compared then with the Inatitutiou'sreened of expenditures 
and found them to agree. 

‘We lave exnmintd nod vorided the accounts of the Institution with each trast 
fand 

‘We found the books of account and records well and acctrately kept and the 
securities conveniently fe nnd eecurely eared tor. 

AU information requested by your auditors was promptly and courteously 
furnished. 

We ceeitty the Balance Sheet, in owt opinion, correctly peepenta tho Mnan- 
al condition of the Institution ax at June 80, 1044 

Respectfully submitted, 





Woaas Le Yacurn, 
Certified Publle Accountant, 
Respectfully submitted. 
Freomno A, Drtao, 
‘Vaxwevan Bust, 
Cuanexce CAwx0%, 
Exzecutive Committes, 
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ADVERTISEMENT 


‘The object of the Gexreat, Arrexptx to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis- 
covery in particular directions; reports of investigations made by 
collaborators of the Institution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution, 

Tt has been # prominent object of the Board of Regents of the 
‘Smithsonian Institution from a yery early date to enrich the annual 
‘report required of them by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and, during the grester part of its history, this 
purpose lins been earried out largely by the publication of such papers 
a3 would possess an interest to all attracted by scientific progress. 

‘Tn 1889, induced in part by the discontinuance of an annual sum- 
mary of progress which for 80 years previously had been issued by 
‘well-known private publishing firms, the Secretary had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 1888, 

Jn the report for 1889 u return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus- 
sion. This method has been continued in the present report for 1944. 

us 


SOLAR VARIATION AND WEATHER * 


‘By Cmantes G. Aunor 
Former Secretary, Smithsonian Inititutlon 





[Wien 2 plates 


NATURE OF THE SUN 


"The sun is a gaseous body 800,000 iniles in diameter of about 880,000 
times the mass of the earth. Though so hot that neither solids nor 
liquids exist in it, the force of gravity due to its enormous mass eom- 
presses the sun's gussous substance to an average density nearly 15 
times that of water, or nearly 1,100 times that of air at sea level. This 
density prevails, notwithstanding that the great temperature nob only 
gusifies the chemical elements, but still further: -subdivides them by ion- 
{ing them strongly. ‘They are no Tonger composed of molecules, like 
gaseous substances that we find in the laboratory, or even complete 
toms, for the atornie nuclei have lost some of the ions which at lower 
temperatures would eurround them to make up complete atoms. ‘The 
surface temperature of the sun ix of the order 6,000° Centigrade, or 
10,800° Fahrenheit, nearly twice as hot as the are light. Within the 
sun the temporature rapidly rises, and at the sun's center it is supposed 
to be many millions of degrees. At such enormous temperatures and 
with its insmense surface, the sun isa tremendously powerful radiator, 
80 powerful that at the eurth’s mean distance, 93,000,000 miles, the 
‘sun's average radintion in free space measures 1.04 calories per em per 
minute. ‘This value is called the eolar constant of radiation. Tt im- 
plies that the earth, which is about 8,000 miles in diameter, receives 
all the time from the sun the heat equivalent to a quarter of @ quadril- 
Vion horsepower (10/4 bp.) 


SOLAR ROTATION 


‘The sun, like tho éarth, rotates‘on an axis, ‘The sun's axis is not 
‘éaxyctly parallel to the earth's, but inclines toward » point halfway be- 
betwoon the Pole Star and Vega at 26° from the North Pole. Tt has 


Tirho twotfth Arthur Tectite given ander the suuplees of the Smithsonian fnstitutton, 
Weesary 20, 1044. 
uo 
ex9820—a5—o 
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been observed by spectrosopie methods that the angular rotation of 
the sun's surface is much faster at the Equator than near the Poles, 
Adams found the following times of rotation as viewed from a fixed 
star: 

Solar watitwde____or a" 4st ot sot 
Rotation period__—__2%47 M7 80 312 95.8 
‘The earth revolves about the sun in 265% days, and approximately in 
the sume direction that the sun rotates on its axis. tly the 
solar rotation appears slower as viewed from the earth, which adds over 
T percent to the sun's apparent time of rotation. ‘The effective mean 
period of solar rotation viewed from the earth may be taken ns 97 

adlays. 
PACULAE AND SUNSPOTS 


In a telescope, 2s shown in plate 1, the sun's surface is seen to be 
mottled, but at some places to show decidedly brighter areas called 
facnlae which are most prevalent in the neighborhood of sunspots, 
Sunspots appear as darker dots on the sun's surface, but they are 
dark only by coutrast. Langley compared the faculas to white-hot 
steel in a converter, which made the molten steel look like chocolate. 
‘Though sunspots appear small on the enormous disk of the sun, actually 
many of them are so large that the earth, 8,000 miles in diameter, 
would only occupy a corner of one, Sunspots are seldom within 10° 
of the sun's equator or more than 30° away from it. They, of course, 
rotate along with the surface of the sun at such latitudes, and their 
average time of rotation is about 27 days, as viewed from the earth. 

SOLAR VARIATION AND SOLAR ROTATION 

Sunspots are like machine guns shooting electric ions into space. 
‘These ions plentifully strike and are captured by the earth's atmos. 
phere. With ions from other sources they make up that high-level 
electrical reflecting surface in our atmosphere which causes radio rays 
to bounce along the surface of the earth for thonsands of miles, in- 
‘stead of locing themselves at once into limitless space. As the sun 
otutes on its axis the conical columns of flying ions sent out from sun- 
spots sweep through space. The columns from those spots which are 
nearly central on the sun’s apparent disk encounter the earth for the 
short time of 2 or $ days. From certain observations we made in 
‘March 1920, it seems that such s column of ions, 98 million miles long 
‘between the sun and the earth, by scattering the sun's rays sometimes 
reduces the intensity of the sun beam at the earth by as much a3 5 
pereent. Ordinarily such effects are much lexe, seldom exceeding 1 
Percent. But it is easy to see that the rotation of a spotted sun, by ionic 
seattering, may produce successions of small variations of the solar 


SOLAR VARIATION AND WEATHER—ABBOT 121 


constant of radiation. The presence of areas of ficulae, hotter and 
more radiative than the adjoining solar surfaces, will also, as thoy 
march around with the sun's rotation, produce variations of the solar 
constant. 

THE EARTH'S TEMPERATURE 


‘The earth nan planet, is kept in its present approximately constant 
state nt the mean temperature of 14° Centigrade by the balance of its 
receipt of heat from sun rays against the outgo of heat caused by the 
earth's emission to space. ‘This earth emission arises in the invisible 
long-wave rays which lie between the gamut of visible light und the 
gamut of rays of very great wave length, which are used in tadio 
transmission. To fix ideas in terms of the centimeter, the unit of 
length in the metric system, visible light rays bave wave lengths 
between 4 und 7 hundred-thousandths (0.00004 and 0.00007), earth rays 
between 4 and 40 ten-thousandths (0,0004 and 0,0040), and radio rays 
between 10 and 1 million (10 and 1,000,000) centimeters. But all of 
them are of tho same fundamental nature of transverse vibrations, 

Since the earth's mean temperature keeps within fairly definite 
bounds because the total receipt of heat from the sun is in approxi- 
‘mate equilibrium with the total escape of heat from the earth, it is 
plain that if the sun's contribution should change permanently, the 
earth's mean temperature would change to a new state of equilibrium. 
‘However, the sun is #0 immense that no considerable general change 
of this kind is to be apprehended in thousands, or even millions, of 
years. Nevertheless, in what follows it will be shown that temporary 
changes of the order of 1 percent do frequently occur in the sun's 
output, and that these affect weather locally so much thnt solar changes 
must be rnted as major meteorological factors. 





SMITHSONIAN SOLAR-CONSTANT WORK 


For many years the Smithsonian Institution has maintained ob- 
servatories for measuring the intensity of solar rays. Our best sta- 
tion is Montezuma, in the Atacama Desert of northern Chile, Tt 
in located on a motntain 9,000 feet high, where years frequently go 
by without « drop of rain. The observers must be supplied from the 
city of Calama, 12 miles away, with water, as well ns all other ne- 
cessities. ‘The sun shines from an unclouded sky on nearly 80 percent 
of all days. As it is very trying to the nervous system to live in such 
isolation under constantly cloudless skins, it is necessary to relieve the 
observers at intervals of 2 or 3 years. Indeed, great loyalty to the 
objects of the work, excellent ability as observers, much tact in dealings 
‘with the poople of the vicinity, and conscientious honesty and industry 
tare absoliite requirements of the observers for the successful operation 
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‘Of the station, We linve been fortunute that these qualities have'so 
seldom been lacking in our representatives there. 

Solar radiation, by being absorbed on black surfaces, i= converted 
nto heat. Its intensity is measured by its heating effect, ‘The ob- 
servatories for measuring the solar constant of radiation have no 
telescopes, To insure constant temperature surroundings, highly fa- 





indi 8 a molat thongh cloudless day. 

















Frovme 1.—Bologenphie energy curven of the solar spectrum made nt Montexny 


yorable to exact measurements, they consist of horizontal tunnels 
bout 10 feet wide and T feet high driven into the mountain some 40 
feet. We located the tunnels on a south slope in the Northern Hemi- 
sphere, and on a north slope in the Southern Hemisphere. Within the 
tunnel is installed a large prismatic spectroscope, whereby the sun ray 
reflected into the tunnel by the coelostet outside (shown in pl. 2) 
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is cast inte an intense spectrum, which comes to focus on the bo- 
lometer, ‘The bolometer, originally invented about 1880 by Dr. Samuel 
P. Langley, is an electrical thermometer so sensitive that a change of 
amillionth of a degree in temperature can be registered. A clockwork 
‘canses the solar spectrum to drift slowly across the fine hairlike re- 
ceiver of the bolometer, and at the sume timo causes a photographie 
plate to drop slowly past the tiny spot of light reflected from the 
mirtor of the magneticneedle system of the sensitive galvanometer 
connected to the bolometer. Thus is produced in less than 10 minutes 
wbolograph, or curvashowing the distribution of energy of radiation in 
‘the spectrum of the sun from far up in the ultraviolet to far down 
in tho infrared. Several such energy curves are taken with appro- 
priato intervals daring a morning as the sun rises higher and higher, 
‘A group of them is shown in figure 1. Simultaneously with each bolo- 
graph the total heating effect of the rays is measured outside the 
tunnel with an instrument called the pyrheliomoter (lreat-of-the-sun- 
meter). Also the altitude of the sun above the horizon is taken simul- 
taneously with the theodolite to indicate the slant thickness of the 
atmosphere. From this combination of observations it is possible 
to computa the intensity of the solar radiation as it is outside our 
atmosphere in free space ut mean solar distance. ‘This is the solar 
constant of radiation. 


DAILY VARIATIONS OF THE SOLAR CONSTANT 


For 25 years the Smithsonian Institution has been collecting daily 
measurements of the solar constant, when practicable, with a view to 
determining the march of the variations of the sun’s output of radia- 
tion. ‘These fluctuations are small in pereentage, rarely exceeding 1 
percent, Figure 2 gives the still smaller variations of the monthly 
mean solar-constant values, 1920-1939, It therefore requires very 
great accuracy of observing to disclose and evaluate them, hampered 
‘as we ure by the auperincumbent highly variable atmosphere. We are 
at g disadyantege compared to astronomers who measure variable 
slats, for they can compare the star investigated with other similar 
stars nearby, all of which suffer equal pereentage losses of light from 
atmospheric hindrances. The sun is unique and can be compared 
with nothing near it in the sky. One can only compare an absolute 
solar measurement of today against an absolute solar measurement of 
tomorrow, trusting altogether to the accurate determination of atmos- 
pherio transmission on each day to make the measurements comparable. 

‘The Institution maintains three solar-constant observatories, two 
in the Northern and one in the Southern Hemisphere, all on high moun- 
tuins in desert lands. ‘The following table and summary shows how 
wall the solar-constant daily measurements at great distances apart, 
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cet 


Figuxt 2—Mareh of monthly values of solar constant of radiation, 1920 to 1980, 
“A, observed; B, synthesis of 14 regular periodicities, alt approximately aliquot 
parts of 273 mouths. 


and in opposite hemispheres, agree in the 5-year interval from Jan: 
usry 1682 to December 1936, All days simultaneously observed, good 
and bad alike, are included. 

These results ws arranged in groups in order of their divergence, as 
shown in the table, ‘The unit is 1/1,000 calorie. Most of the values 
eoncern Montezuma and Table Mountain, but there are great many 
in which Mount St. Katherine Sigures with one of the other stations. 


‘Tame 1—Numbers of daily differences deticcon stations having certain 
amplitudes 
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‘Observatory. 


Prova 3—Fucalmitle of page 188, volume 6, Annals of the Astrophysical 
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‘The weighted divergence between stations being 0.0076 calorie, 
tho weighted average departure of one station from the mean solar 
constant derived from two stations is 0.0038 calorie. 

Although it is not fair to Montezuma to suppose that the stations 
are of equal merit, yet if we make that assumption, and proceed ns 
usual, we find the weighted mean percentage probable accidental error 
of m single day of observation of the solar constant mt one station 
to be: 

100X0,0088%0.84+ 1.94=0.164, or i% of 1 percent, 

In volume 6 of the Annals of the Astrophysical Observatory of the 
‘Smithsonian Institution are contained in table 24 nearly 19,000 meas- 
urements of the solar constant observed through the years 1924 to 1039, 
Several thousand earlier observations of the years 1920 to 1923 are con- 
tained in other publications. Figure 3 is a facsimile of a part of page 
193 of the Annals, which includes the work of September 1934. The 
several observing stations are distinguished by letters M, K, T, meaning 
Montezuma, St. Katherine, and Table Mountain. The solar-constant 
‘values in columns “S, ©.” and “Pfd.S. C.” are to be understood as pre- 
fixed with 1.9. ‘Thus for “60” read “1.950.” Using the result of Monte- 
zuma and St. Katherine only, which are more accarate than those of 
‘Table Mountain, there was apparently an increase in the column “Pid. 
8. 0." from the 1st to the Sth and from the 10th to the 14th of Sep- 
tember, and a decrease from the 14th to the 19th. These changes had 
‘an amplitude of the order of 0.5 to 0.9 percent, that is about 0.010 to 
0.018 calorie in the solar constant of radiation. 


SEQUENCES OF RISING AND OF FALLING SOLAR ACTIVITY 


I give in table 2 « summary of nearly 500 of the best supported in- 
stunces of rise and of fall in the solar constant of radiation selected 
tom table 9t of yolume 6 of the Annals. ‘The table is arranged by 
months and will readily be understood by an example. ‘Thus, “Janu- 
ary, Rising, 24, 12” means that a case of the solar constant rising for 
1 few days appeared to occur beginning Junnary 12, 1924. 

+ It is of interest and importance to note that the solar variation 
increases in pereentage toward shorter wave lengths. It is six times 
a5 great at 3500 A. in the ultraviolet as in the total solar constant, 


EFFECT OF SEQUENCES OF SOLAR CHANGE ON TERRESTRIAL 
‘TEMPERATUMES 
‘Using this tabulation of the dates whereon sequences of rise and of 


fall of the solar constant apparently began, I have sought to determine 
whether such phenomena were associated with special behavior of the 
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departures from normal temperature and normal barometric pressure 
‘at numorous cities. For this purposa I tabulated the departures, let 
tus say of temperature, to illustrate, for 5 days before, and for 14 days 
after, euch date included in table 2, Figure 4 is « facsimile of such 
tabulation of temperature departures covering the months of 
January, February, and March for Washington, D.C. ‘Two curves 
of temperature departures are shown for each month, One corre- 
sponds to the average influence of sequences of rising solar activ- 
ity, the other to the average influence of sequences of falling solar 
activity over the years 1924 to 1939, It is to be understood that these 
curves show temperatures only, not solar constants. One knows only 
that on the zeroth day of each line of the table a 3- to 4-day sequence 
of solar changes begun. The upper curves of the figure show the 
average march of temperature departures at Washington in the months 
of January, February, and Murch, each associated with 19 or more cases 
of rising solar sequences, and the lower curves show the average march 
of temperature departures at Washington in January, February, and 
March, each associated with from 16 to 21 cases of falling solar 
sequences, 


‘Tanz: 2—Datee yohen sequences of rise 
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‘Tanta 2—Dates schen sequences of rise and fell of the aun’s emiasion of radiation 
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‘CONTROL OF TEMPERATURES BY SOLAR SEQUENCES OF VARIATION 


With this method of investigation clearly set forth, I now give 
in figures 5 to 7 results for temperatures for all months of the year at 
‘Washington, Albany, and Helena, and point out several characteristics 
of these curves. 

1. At every station, and in every month, the temperatures depart in 
opposite directions, attending, respectively, rising and falling solar 
‘activity. ‘Thus comes sbout an sxial symmetry of the pairs of curves 
such, for instance, as subsists with one’s right hand and one's left. 

2. The murch of the curves differs from month to month, and differs 
for the same month from station to station, yet the right and left 
sguety always prers 

3. The effects are large. Differences of temperature of the order 
of 10 degrees Fahrenheit, or more, depend on whether a rising or a 
falling sequence of solar activity preceded them many days before. 

4, The effects of solar changes on temperature persist for many 
days. They may surely be traced from 3 days before to 14 days after 
the zeroth day of the solar sequence, 

5. The coefficient of correlation of these curves for the three stations 
and the 12 months of the year, and from 8 days before to 14 days 
after thesolar change, is found to ber=—61.2>17 percent, 

6, Since far-ceparated cities respond in a similar manner to the com- 
mon syatem of dates given in table 2, this system of dates must have 
‘a cosmic significance. The system of dates, in other words, betrays 

an extra-terrestrial selection, harmonious to the claim that on these 
Gudks clintccee in rodiainia Occurred in te wan; 


SUPPORTING EVIDENCES OF SOLAR WEATHER CONTROL 


‘Doubters, however, may argue to the contrary as follows: 

‘The changes claimed in solar radiation, they may say, are eo small 
in percentage that it is improbable that observation, however accurate, 
can distinguish them from accidental errors, and from the influences of 
atmospheric sources of error. May it not more probably be that the 
series of dates was selected by chancel They were, indeed, dates on 
which, in the average, large varistions of temperature followed over 
periods of 17 days, but this was merely accidental. It would then 
naturally occur that sequences of dates closely following those at- 
tributed to rising solar radiation would show opposite temperature 
tendencies, since whatever goes up must come down. That far-sep- 
arated cities would react to the same systems of dates, though not identi- 
cally, is not surprising. For, as is well known, weather travels in 
‘waves from west toward east, so that a disturbance arrived at Wash- 
ington would have passed by stations to the west some days earlier. 
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Figume —Average marches of tomperature departures, Fahrenbelt, at Washing: 
ton, D. €., nccompanylng sequences of variation of the solar constant, January 


to Deceuiber, 
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‘Prous 6—Average marches of temperature departures, Fahronbelt, wt Albany, 
3, ¥, accompanying sequences of variation of the solar coustant, Juamary to 
December 
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‘These plausible arguments may be confuted, but it is doubtful if no 
complex a proposition could be made altogether clear to the lay reader. 
‘The simpler course is to show that these same marches of temperature, 
at these same cities, are associated with another common system of dates 
in another series of years, which system of dates has an undoubted solar 
connection. This I shall now show. 


‘THE SPRCTROHELIOGRAPH AT THE OBSERVATORIO DBL RENO 


‘The eminent astronomer, Dr. George E. Hale, in his youth invented 
the beautiful instrument which he named the spectroheliograph. This 
Aevice photographs the clouds of vapors of individual chemical ele- 
‘ments, such us hydrogen, helium, iron, or calcium which float above the 
sun's surface, Hale's spectroheliograph found instant favor all over 
the yori and many observatories were equipped with it. jbese 
them is the Observatorio del Ebro in northern Spain, which is main- 
tained by the Jesuits Every available day from 1910 to 1937 the 
monks at Ebro photographed the calcium clouds on the solar surface 
with their specttoheliograph. And not only did they observe, but they 
measured the areas of these clouds as well as their mean distances from 
the center of the sun's disk, and they published all the measures. 


CHARACTER FIGURES OF THE SOLAR-FLOCOULUS ACTIVITY 


With the help of my assistants, Mrs. Bond and Miss Simpson, Inve 
used these Spanish measurements of every day of observation from 
1910 to 1987 to compute character figures. These represent the solar 
activity of a given day us measured by the summation, according to.cer- 
tain weights, of the areas of the calcium clouds, or “flocculi,” photo- 
graphed that day on the sun's disk. These character figures having 
been assembled by months in 12 groups, it was seen at once that they 
showed sequences of rise and of fall, for intervals of a few days each, 
just a the solar-constant values do. 

Going over the tables with care, I selected dates in ench of the 12 
months in the years from 1910 to 1937 when the best examples of se- 

‘of rise and sequences of fall occurred. The period of 28 
years is so long that there was no difficulty in finding enough excellent 
sequences without including doubtful cases, I thus tubulated the 
zeroth dates of the rising and the falling sequences of flocculus char- 
noter figures for each of the 12 months covering the years 1910 to 1987, 
‘Then the Washington temperature departures from 8 days before to 
14 days after each zeroth date were tabulated in tho same way as for 
solar-constant correlation. 
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CONFIRMATION OF SOLAR CONSTANT RESULTS BY WORK AT EERO 


Mean values wore taken, and often in these tabulations more than 30 
cases entered in each mean. 1 show in figure 8 » computation and 
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Provne &.—!Nemperatuite departures, Vatirenbelt, at Washlogton 1D. C, In October, 
nccampanying sequences of rise and of fall of the character figures of salar 
calcium foeoutl, beginning eeroth day. 


graphical representation of the results at Washington for the month 
of October. Finally T show in figure 9 the march of temperature de- 
‘e1px30—45—10 





« ol fale (1 \ 

Prgoxe O.—Avernge marches of tomperature departure, Fubresheltyat Washington, 
D. Cy accompanying sequences of solar ehungs (e) of the solar constant tn 
year 1024 to 1929; (b) of character figures for solar calcium floceull in years 
‘A910 th 1087, for months January to December, Ordinntes are temperature 


Geparturet; absciwane are days from beginning of solurconstant sequence, 
Floccull aren curves aro displaced 2 days to right. 
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partures at Washington for the 12 months, as associated both with 

solar-constant sequences and with flocculus character-figure sequences, 

Tk is at once apparent that similar curves of temperature resulted, 
but that the curves based on flocculus character figures show 2 days’ 
eee to the curves based on solar constants, The two 
Kinds of solar change, in other words, are not exactly simultaneous. 
‘The reader will see in the diagram thut for comparison purposes the 
flocculus temperuture curves are «ll moved to the right 2 days with 
respect to the solar-constant-temperature curves, ‘This plus dif- 
ference allowed for, the correlation coefficient between ea 
and floceulus temperature curves for Washington is r- 19 per- 
cent. Tt will be noted that the two systems of dates used for the two 
determinations Maye almost nothing in common. They are spread 
over two different series of years, one interval 1910 to 1937, the other 
1924 to.1039, Owing to differences in days lost for cloudiness in Spain 
and northern Chile, only a few of the dates in the two intervals are 
adjacent. In-short, in. method, in the years observed, and in detail, 
the two determinations have only this in common: both purport to 
show the influence of changes of solar activity on Washington tem- 
perature, One of the methods uses photographic phenomena univer- 
sally admitted to be solar, Since the results of the two methods are 
well-nigh identical, how can critics longer reasonably deny that in the 
basis of the other method (the solur-constant variation) is also 
s truly veridical solar phenomenont 

I therefore claim for the Smithsonian Institution the discovery and 
measurement of variations of the solar constant of radiation, and the 
proof that these solar variations are major factors in the control of 
terrestrial temperatures. 


SOLAR SEQUENCES AND BAROMETRIC PRESSURE 


We have investigated also the dependence of barometric pressure 
on the solar variations tabulated intable2, Iwill notenter extensively 
into this branch of the subject, nor show further examples of the tem- 
perature eifects, becauso T have much else to present in this lecture. I 
will only draw attention to the march of barometric pressure at Denver 
and Ebto (figa. 10, 11) for the 12 months, as associated with rising and 
falling sequences of solar-constant changes, It will be seen that the 
curves, while not so consistent ws the temperature curves, already 
shown, still generally display tht right-and-left symmetry which has 
‘been referred to in temperature. 


POSSIBILITIES OF DETAILED LONG-RANGE FORECASTING 


Tnow turn to the question whether these solar variations, since indi- 
vidually thoy apparantly produce major changes of weather for inter- 






































Frou 10, Prove 11. 

Fiovees 10 axp T—Barumetric departures associated with sequences of solar 
cotistant yariatloy for 12 months, January to December, at Denver, Colo, (ig. 
0) ant Observatory of Ebro, Spaln (fig. 11). Full curves, rising sequences; 
dotted enrves, falling pequences. 
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vals of nearly 20 days, may give hops that method of forecasting for 
many days in advance may beevolved therefrom. T hive, indoed, made 
preliminary teat of this possibility. 
[twill be apparent thnt after computing basic curves of the: 

ture effects of solar variation fora given station, it may be assumed that 
when a sequence of rise of the solar constant is desaried in the daily 
observations, one may write down in a column for some 2 weeks there- 
after the departures in temperature expected to follow this sequenes of 
rising solar activity. As other sequences occur, some rising, same 
falling, other parallel columns of expected temperature departures are 
written down on the proper dates, wppropriate to each. 
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‘Temperature Departures Washington. 


uw [ 
Piovae 12—Forscast abd yerlseation of Waallngton temperature departures. 


By the summation of all of these columns day by day, one finds an 
expression of the total influence of solar variation. This summation 
‘may go on continuously, always for as much as 10 days, in advance of 
the calendar, Figure 12 gives such a summution for September and 
October 1935, prepared from solar-constant basic curves for Wash- 
ington and Ebro dates, : = 

Unfortunately the solar-constant daily values of first-class quality 
ro too seattered as yet, with only our two first-class stations: ving. 
Howaver, I have found several months in the long record of caleium- 

‘measurements kept at Ebro when the breaks were so rare 
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that a fair estimate of the dates of changes in solar activity could be 
made. With allowance made for the difference of 2 days in phase, the 
asic curves used were those derived for Washington temperatures 
from solar-constant work. ‘The general result was as summarized 
below: 








Observed and predicted, oppesite alg. 
‘Observed departures: Plus 65, minus 198. 
Predicted departures: Plus @4, mfuus 157, 











Nan 
tere 

Differences: 0* to, OF 
arto =") 

Sto. ei 

General —_7" to 0 —— 8 
mean= 11" to 15" 20 
5°35, Over 15". 8 


‘Correintion coefficient =,95,2 percent. 

‘This preliminary test, which is « forecast based on solar data alone, 
gives some ground for hape that with more necurate and continuous ob- 
servation of solar-constant values, when these are obtained every 
‘single day, such solar forecasts, supplemented and corrected by the ex- 
tensive knowledge of terrestrial influences now available to meteorolo- 
gists, may in that combination greatly promote longer-range weather 
forecasting, Since solar changes are a major wouther factor it is 
dificult to see how long-range weather forecasts can be mads if they 
are neglected as always heretofore. 


‘THY 2t-DAY PERIOD IN WASHINGTON PRECIPITATION 


Tnow present a curious result of investigation of the sunspot rota 
tion patiod of 27 days in connection with the precipitation at Wash- 
ington, In the year 1042 I collected values of the daily precipitation 
‘at Washington from 1924 to 1941. ‘These values T arranged in cycles 
of 9% days. Since 27 such cycles fill 2 complete years, lacking 1 or 
2 days depending on leap year, it was convenient to tabulate the valnes 
in nine 2-year tables, and take the mean valies for each of them. 
Twas immedintely struck by the eirenmstance that for the mean of 
every 2-yeur tabulation, the 11th day of the cycle in the earlier years 
‘and the 12th day of the cycle in the Inter years was from 2 to 3 times 
as rich in precipitation as the Gth and 7th day. ‘The cycle, whose truo 
period seems to be 97.0074 days, was always taken in the phase as of 
Fanuary 1-27, 1924. On taking the general mean of 248 cycles, the 
characteristic of high values about the 12th day was very marked, but 
other parts of the cyclo also were conspicuous as high or ns low in 
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precipitation. Ithen divided the data into three sections representa- 
tive of dry years, 54 cycles; intermediate, 108 cycles; wet years, 81 
cycles. The results are given in figure 13. 
A VERIFIED PREDICTION ONE YEAR IN ADVANCE 

In March 1043 L informed the Chief of the Weather Bureau that on 
a cortain list of dates the ayerage daily precipitation would be higher 
than on the remaining dates of the year. I recently tabulated the re- 
sults: Using curve 8, applicable to years of intermediate precipitation, 
the selected dates of 1943 were expected to show 166 times the average 





7 7 a a a a a 
Piwene I.—87.0TI-day poriod In Washlngton precipitation. Curve 1, generat 
‘mean, 248 cycles: curve 2, dry years, St cycles; curve‘ Intermediate, 108 cycles; 
‘curve 4, wet years, 81 cycles. 


rainfall of the nonselected dates, Tho actual ratio, for the 175 selected: 
dates compared to 191 nonselected (the work included December 31, 
1942) was 1.58% Tho 97-day cyole hus continued so consistently for 
20 years at Washington that one is inclined to think it may be trusted 
tohold for same years to come, 


MONTHLY MEAN SOLAR CONSTANTS: 


We will now consider monthly mean values of the solar constant 
of radiation, the variations they disclose, the periodicities found 


‘aE SURE AGE IMat he 2 igs oe Jarge rainfall ts Innuary YOKE tl ou slected date 
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therein, and the effects of these long-term solar varintions on weather, 
Figure 2 gives the monthly meun solar-constant values from’ 1920 to 
1939. ‘The curve shows fluctuations which appear to be wholly irregu- 
Jur. Ef one asks, are these fluctuations really true changes in solar 
radiation, their very magnitudes give u strong presumption that they 
‘ureso, For in the comparison of daily values given above it was shown 
that the probable error of the result of a single day of observation 
from one station is but 4% of 1percent. A monthly mean includes from 
80 to 80 such values. Hence, recalling that the probable error of 
mean is the probable error of the individual value divided by the 
square root of the number of values entering into the mean, we see 
that the probable error of a monthly mean value is from a thirtieth 
toa fiftieth of 1 percent. Yet the fluctuations in gure 2 range up to 
more than 1 percent. Henee probably many of them are veridical. 


PERIODICITINS IN SOLAR VARIATION 


Although seemingly irregular, the march of solar variation shown 
in curve A, figure 9, like the churacteristic voice of the violin or of 
tho trumpet, comprises a long wave with many simultaneously uctive 
shorter waves related to it by simple ratios. However in the solar 
‘yarintion the simple relationships appear to be only approximate, 
not quite exact, to the master cycle of 22% years, or 278 months. 
Novertholess it ia very interesting that this master period, so nearly 
‘a least common multiple of 18 shorter ones, is approximately double 
the well-known sunspot cycle of 1144 years, and thus equal to Hale's 
period of magnetic changes in sunspots. Strangely enough, though, 
the sunspot eyels does not appear among the 18 submultiples of the 
solar-constant master period, for no evidence of this 114-year period 
can be found in the variation of the solar constant. 

‘Hore are the observed periods, and their approximate relationship 
to 278 months: 

2k Md % 
m3 fh AK HL 
ee 
O% 2% Bf ust m2 om sz 

Curve B of figure 2 is made up by adding together the separate 
influences of these 14 periodicities as they were determined from 
eure A by numerical analysis. The fit of the observed carve by 
the synthetic one is so good that in figure 14 of the Annals, pub- 
lished several years ago, the curve B was carried on as a prophecy 
of solar varintion to the end of 1945. Four years of observation 
have become available from Montezuma station, though only in a 
provisional, not the final, reduction. Figure 14 shows a comparison 
between the prophesiod and actually observed solar variation. Not 
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only in general, but in many datails, there is much similarity. We 
await with very great interest the crucial test to come in the Intter 
part of 1944 and 1949, If the prophecy is then vorified, we may 
expect, as I pointed out occurred about 1922-93 unusual weather 
conditions in 1945-46. 


EFFECT OF LONGER SOLAR VARIATIONS ON WEATHER 


Among the shorter periods found in solar variation, as indicated 
by Smithsonian solar-constant measures, are periods of approxi- 
mately 8, 9%, and 1134 months, I have sought to determine how 
these and the longer periods of solar variation affect temperature 
and precipitation in mavy cities, To fix ideas I give a tabulation 
(tables 3 and 4) for 8, 9%, and 1124 months at Copenhagen to show 
how these influences ure examined.* > 


‘Tame 3—Copenhagen temperature departures, emoothed. Test of &-month period 
Watues of Juooary to Ansa only. Ui: 10 der Of mma 60 tegren ©.) 
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Proc. Nat. Acad, Hel. vel. Noy, Sune 1983. 
‘Hn this publication I fre ouly the tabulation for the month period, apd. ty 
correction to 814 mobtha for Copenhagen Otbery were shown at the lecture, 
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‘Tamtx 4—Copenhagen temperature departures, emouthed, eat of 8¥j-month period 
Valu of all marti eenpleyed. Moms only gtvect Unit: 1/100 degree ©. throat 
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Toon found that while there seemed to be some tendency to perio- 
dicities in weather corresponding to the solar changes, these weather 
poriodicities, unlike their solar counterparts, fluctuated in phase, It 
ceourred to me, however, that this instability of phase is but a natural 
seasonal effect for the periods of shorter duration like 8, 9%, or 1114 
months, For the phase of terrestrial response to « solar cause must 
evidently depend on local terrestrial circumstances. For instance, 
there will be a longer lag with stations under oceanic control than for 
those in cloudless deserts. Pursuing this thought it occurred to me 
that the phase, for example, of an &-month period of response to solar 
change in weather must be different if the solar eause occurs in 
summer than if it occurs in winter. 1 investigated this idea for several 
periods and many stations. Figure 15 shows that my surmise Was 
eorrect one 

‘Hence terrestrial responses to solar periods of moderate lengths 
should be expected to be in the same phases only when the solar causes 
‘oowur at the same time of the year. Lf solar period of exactly 8 
months existed, we must compare its terrestrial effects 2 years apart, 
for then their solar causes would occur exactly at the same scusons of 
the year, 

T will not delay to show exactly how we make uso of the calendar to 
eliminate seasonal phase changes, but will content myself with show- 
ing for three stations, Copenhagen, Vienna, and New Haven (see tables 
Sand 4), that when this complication is properly allowed for, and when 
the exact length of the solar period is letermined, the terrestrial re- 
sponse is proved to be exactly in phase from the year 1700 to the present 
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of years to select the exact period. Using 8 months there is but small 
amplitude, even when seasonal influences are eliminated, but with 
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Frauke 15.—Phase relations of porlodictties tn terrestrial reaponses to aolar variations, depending on sedsons of the 
yenr. 
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8% months all three stations show a strong periodicity, with ampli- 
tudes of 1°.5 C., 1°.1 C,, and 1°.8 F., respectively, aver nearly a cen- 
tury and a half. In this way we have been able, by using tempera- 
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ture records ut terrestrial stations, to obtain more exact periods of the 
solar ehanges than could be fixed by solar-constant measurements ex- 
tending only since the year 1990, 
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Fiore 16—A periodicity of 814 months in temperatures nt Copenhagen, Vienna, 
und New Haven, Comn.. since the year 1700, Seasonal phase disttrbances are 
excluded. 


PRRIODICITINS IN WEATHER 


‘Since the 14 periods* simultaneously active in solar varintion are 
approximately aliquot parts of 27% months, wo may anticipate that 
the many weather features occurring at a station'in this interval of 
nearly 98 years will tend to repeat with some measttre of similarity 
in successive 28-year cycles. Experience shows thut this influence 
is more effective at some stations than nt others. Figure 17 shows 
‘what has happened at one of the most responsive stations, Peorin, Tl, 
Ie will be soon that espedially in the Inst half of the cycles the tendency 
of features to repeat in Peoria precipitation is quite marked. ‘Two. 
attempts to forecast, made in 1984 and in 1988, are shown by heavy 
dotted Hines, and by light full lines, respectively, in figure 17. 

T have mado use of this 278-month master period to predict 
precipitation for some years in advance at a number of limited 
regions of the United States. I reduced the prediction to = purely, 
routine computation, and used the percentages of normal precipi- 
tation smoothed by S-month consecutive means. Thus for ‘March 


Tis liem mnt te aie the snaet eee avoosinatty 27 mothe, Fe hones 
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ie the summation att Rebs Mant ApetMAY nq for Apel 


Heh Mer. Ap + May FINE ote, ‘Then for the expected smoothed 


percentage precipitation value for January of o future year, take the 
smoothed value for April 46 years previously, plus the smoothed value 
for February 25 years previously, and divide by 2, ‘This simple rule 
works very well for some stations. ‘Thus for Eastport, Maine, from 
1936 to 1942, inclusive: 
Yor 06 months, average observed miima predicted 
‘uimber obwerved and predicted ox ante de of 100 porcent— 
‘Number otserred and predicted on opposite sides of 100 percent_—______ 18 
Number, though observed and predicted on opposite sides of 100 percent, 
‘thelr difference observed minus predicted, less than +16 percent. 











Frovee 17—Precipitation at Peoria, Til, amoothed by Samonth runolng mean, 
‘arranged In 20y0ar cyclee Lettere represent similar features tn muccesslve 
eyelet. Forecasts (dotted line, from 1904; thin Tine, trom 1088) made by con- 

idoration of preceding exeles, 


From these figures one may fairly claim that of 96 months predicted 
84 were useful predictions, or a measure of succoss of 87 percent. 
For 12 New England stations similarly evaluated, 807 were useful, 
845 unsatisfactory months’ predictions. 

Severs] years ago, at the resquest of a Colonel of Engineers I 
made in this way from records of 10 stations a prediction for 8 
‘months of the expected precipitation in the Tennessee Valley region, 
‘My prediction of precipitation was 84 to 87 percent normal. The 
event was 87 percent normal. 
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Fiovue 18—The 23-your period we found tn the thickness of trot rings from five 


‘southern California groups, 1820 to 1920, 
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‘The double and quadruple master periods of about 46 and 91 years 
seem even more prominent than the 28-year cycle in precipitation. 
In further illustration of the effects of the 23-, 46-, and 91-year perio- 
dicities I give figures 18, 19, and 20. They show, respectively, the 23- 

year period in the growth of trees in California, the 46-year period 
J the precipitation at Biomarck, N.D., and the 32, 46- and 91-year 
periods in the level of Lake Huron. Tt seems probable that large de- 




















§ 

















[Fences oF WoanaL pmtcoranion 






























































SmUkCR, SOAMOTA, PRECATTINON AF FOE SEMAATED 48 YEARS, 
‘Fusvux 19.—The dotted line in the lower curve, from 1087 to 163, was drawn to 
1997 a8 a prediction, 


lines in the Great Lakes levels, accompanying great droughts in the 
‘Northwest, will begin about the years 1975 and 2020. 


{HE 14 SOLAR PERIODICITIES REFLECTED INDIVIDUALLY IN 
WEATHER: 
‘There is another method of making long-range weather forecasts 


based on solar variation. With strict attention to the seasonal in- 
fluences on phase already referred to, one may compute from monthly 
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weather records of tho past what ure tho effects of each of the 14 
solar periodicities on temperature and on rainfall for any desired sta- 
tion, ‘Then, assuming that these influences will continue with the 
sanie effects in future, and still paying close attention to the seasonal 
changes of phase, one may add together all these effects, and also the 
sonspot-cycls effect, similarly determined from records of the past, 
and thus prepare n forecast for several years in the future. 

With the aid of my assistant, Miss MeCunidlish, I have maie such 
forecasts of temperature and precipitation for several cities in the 





Ficcns 20.—Lavela of Lake Haron (minus O81 tt.). Note the escles of 28, 48, and 
1 years, (Yearly means) Grout drouslia in the Northwest following 1858, 
2886, and 1040 revesalne "The grand cycle 18 92 years (or better, G12). Minor 
‘Gronghts following 1890, 1000, aud to be expected followinye 2 


United States. They have been very successful in some onses, not 80 
much so in others, Figure 21 shows one of the most successful, again 
dealing with the precipitation at Peoria, Ill. We employed the pre- 
cipitation records prior to 1980 to determino the outlines of the pe- 
riodic terms, and then synthesized the expected precipitation through 
1944. As will be seen, 10 years out of the 13 show both in phase and 
wmplitude considerable similarity to the event. The later years betray 
aun increasing tendency. for the prophecy to rnticipate in phase. ‘This 
nay indicate that some adjustment of length of periods is desirable, 
anvsn0—4s—as 
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However, if one were content with 5- or 7-year predictions, such 
shifts of pluse could be corrected from time to time. 


CONCLUSION 


1 have brought together many evidences which seem to indicate 
that the small percentage changes observed in the solar emission of 
radiation are effective factors in the domain of weather, Many others 
have been published by H. H. Clayton. ‘The solar measurements in- 
volved ure exceedingly difficalt and require installations on high moun~ 
tains in desert regions, whero the largest percentages of clear skies 
with low wind velocities prevail. ‘Three stations maintained by the 
Smithsonian Institution are now engaged in day-to-day meastire- 
ments of the solar constant of radintion. On account of the variable 
‘obstruction oceasioned by the atmosphere, laden as it is with clouds, 
dust, ozone, and water yupor, tliese three stations are insufficient 
adequately to follow and record the sun’y variation. About three 
times as many mountain stations, widely sepatated in the most cloud= 
Jess and calm regions of the earth are needed. ‘They could be installed 
for $500,000, and operated for $250,000 per annum.* 

T think there is a great. probability that if such additional solar 
stations were in operation they would furnish information of major 
value to meteorology. I believe that with the solar data that would 
then be available, and using the rich store of information regarding 
terrestrial factors now familiar to meteorologists, great progress 
would ensue, ‘The neglect of solar varintion, which seems to be a 
major factor in weather, cannot continue if meteorology is to progress 
fas it should, It would be like the play “Hamlet” with Hamlet's part 
omitted. 

oo TE erat at ree Rees nt core: eenrne 


Ssitanian Rept, (PAA PLATE} 





SOLAN PHOTOGRAPH BY MOUNT WILSON OaurnvAToRY, SHOWING SUNSPOTS, 
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ASTRONOMY IN A WORLD AT WAR‘ 





By A. Vimar Dovoras 
‘Queen's University 
Kingston, Ontario 





I 


Science hus advanced during the last 4 years both because and 
in spite of war, Some of the sciences have made tremendous strides 
as a direct result of the challenge of war necessities. Physics, chom- 
istry, metallurgy, and all tho branches of medical science aro in this 
category; some day the full story of their great achievements may 
be made known, Othor branches of knowledge, while far from being 
tnaffected by the war, have continued to udvance Inrgely, in- spite 
of the upheayals in the life of nations and individuals which world 
war inevitably beings, Astronomy is in this Intter class. 

"Astronomy and astronomers are playing an important part in the 
war chiefly along the two lines which have always presented funds- 
mentally stellar problems—direotion and timo, But the main ad- 
‘vances in astronomy in these last 4 yeurs have been made in spite 
of the war. Its right and fitting and indeod very encouraging that 
this is the case. When so much that is of intrinsic beauty and of 
fundamental value is being destroyed by war, and when so many 
‘worthwhile activities have to conse, it is good indeed to know that’ 
there are astronomers on this continent, and even in some parts of 
Europe, and in Australia, Africa, India, and probably in Japan, 
who ure able to carry on the continuity of observations on stars and 
starlight, sun and moon, planets and ‘asteroids, comets und meteors. 

‘If the continuity of obsorvation in many branches of astronomical 
work were to be completely broken, it would be an irreparable loss 
to wcience, ‘Thus it is with satisfaction and great admiration that 
wo rend in the Reports.of the Royal Observatory, Greenwich, that 
damage done by enemy action to ono of the buildings and to 
tho Airy transit circle hag been largely made good, and observations 
recommenced with that instrument upon Sun, Ventis, and the stars 





TAdirooe of tbe president of the Itayal Astronomical Boclaty of Cantita, Zenuart 1244, 
Repniated by persierion from The Journal of the Royal Avtronomleal Boctety of Canady 
vo. 4, Mo. Mareh 1064. 
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jn the clock and azimuth liste; that parallax determinations are going 
on; that solar photogtaphy and observations of chromospheric erup- 
tions in Ha ure continuing; and that the two ‘Time Service Stations 
have operated continuously. During this period the exhaustive work 
on the solar parallax was brought to completion. 

In France solar, planetary, and stellar reseurch have been enrried 
on, and in Holland galactic problems, long-period yariables, dark 
nebulosity, and thooretical astrophysics have been under investign- 
tion oven in these tragic years. In the U. S. S. Ry where at least 
three observatories have been destroyed and another dismantled, plans 
‘re already made for resumption of activity and for the erection of 
now observatories to further the study of Iutitude variations and solar 
research. From two observatories east of the farthest battle front we 
know that papers have been published recently on photoelectric culo- 
rimetry and on color temperatures. 

Similar reeords of observations and measurements carried on des- 
pitouir raids, despite reduction of staff, despite pressing war problems 
‘and difficulties of all kinds, could be quoted from many observatories 
in countries deeply involved in fighting for their very existence, 

In these and in countries Like our own—at war, but far removed 
from tho main theaters of conflict—thero has been very important 
contribution made by astronomers in the adaptation of astronomical 
observations and calculations to the problems of air navigation. ‘The 
Director of the Glasgow University Observatory, W. M. Smart, has 
produced three books on nautical astronomy singe this war began, and 
iunder his instruction, R, A. F, pilots and exdets are learning the art 
and science of navigation. Scores of astronomers, including Canadian 
men well known to many of us, are doing similar work, giving all 
their timo, skill, and energy, and often risking their lives in the air 
with student pilots, in order to impart this $0 necessary instruction 
in air navigation. 

In the Koran, it is written: “God has given you the stars to be 
guides in the dark, both by land and sea,” Homer tells of Ulysses 
on his raft, that he sat at the helm and “marked the skies, nor 
closed in aleep his ever watchful eyes.” But navigation from the 
back of a camel or from the bridge of a ship can be w relatively 
leisurely performance. Not 40 in.» modern airplane! ‘The navign- 
tor takes a sight on a star or planet, he reads his chronometer, and 
then if his calculations take him 5 minutes to perform, he and his 
plane are already perhaps 25 miles away from the ascertained posi- 
tion. Every minute that astronomers have been able to cut off the 
time for computation of position is of the greatest value to airmen 
flying over seven soas and six continents, ucross enemy lines, with 
objectives w mere dot on the map—a railway yurd, a factory, an 
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‘Turing to the subject of time measurement, it is worthy of note 
that during these war years an nocurncy never before dreamed of 
thas been attained, It was in April 1988 that Essen described before 
the Royal Astronomical Society the researches at the National Physi- 
cal Laboratory which hud resulted in the new quarts clock, of which 
‘so much was hoped. ‘This clock makes use of the properties of tho 
crystal oscillator, one of the most reliable and perfect mechanical 
systems known to man, Essen describes quartz clocks briefly as “con 
sisting of phonic motors controlled via frequency dividers by vibrating 
quartz crystals.” In a paper presented (o the Royal Astronomical 
Society last Juno, Greaves and Symms record the intercomparisons 
of threo Greenwich free pendulum Shortt clocks, two National Physi- 

eal Laboratory quartz clocks, and three quartz clocks at the Fost 
Office Radio Branich Laboratories. 

They analyze clock errors into three classes: (x) erratic varia- 
tions in phase, (b) erratic variations in rate, (c) a combination of 
phase and rnte variations, producing a cumulative effect, They show 
that two Shortt clocks and two quarts clocks may indicate approxi- 
mately the simo mean absolute second differences of relative clock 
‘error, but the distribution of errors between the threo classes is differ~ 
ont-—the quartz clocks show very little error of (b) and (c) relative to 
Shortt clocks, and errors of class (a) do not affect the long-period 
performance of a clock. 

‘Tho famous Shortt clocks are now known to be ineapable of giving 
the precision demanded, but the Astronomer Royal hastened to pay 
them a deserved tribute: 

‘Twenty youre ago we had several papers dealing with the performance of 
the Shortt Cocks, then looked upon wlth great expectations. To this clock wae 
Hekteved In a alte and beautiful tmaner what horologiste had. been wteteing 
after for years, namely, & pendulum designed eolely for the Durpowe of beating 
time whtlel being ealied upon to perform no mechanical work, But tt the wubse: 
quent performance of this type af clock Mil not ‘fully come up to our tlgh expecr 
tations, the Shortt Pree Pendultim has ove thing to Ite overiastiog eredit—it 
forced the axtronomers to adopt the use of Mean Siderent ‘Time where formerly 
‘Tene Sidereat "Tig had beop nvlequate, During the thtervenlog 29 yeara snot 
this type of clock was installed In many otwervatortes, ew requirements have 
sprung up. In the past the min purpose ofa te service vas ta proride abeotate 
hoe with an accurney sufficlent for navigational and warveying: requirements. 
But the new une frequency staniirds hos raised n demand for 2bbowr lnteryale 
‘correct to the very high accuracy of a millisecond. 

Tt will bo seen then that ns abwolute standards At Greenwich, short clocks 
have become obsolete. Our long-tinge predictions are now based entirely on 
quarts clocks, free pendntum clocks being used only for extrapolation over am 
Noterval of 24 hours, 
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‘Let ns turn our thoughts to cosmology and recall that it was during 
the first World War that Einstein's general theory of relativity ap- 
peared. ‘Two years later, in tho war year 1917, came the first sugies- 
tion of un’expanding universe, ‘This was one interpretation of de 
Sitter’s modification of Einstein's cosmology, implying as it did red 
shifts of the spectrum lines of faint distant objects. Incidentally, we 
may turn aside to remark that while do Sitter was then working in 
‘a Holland that had been allowed to remain neutral, his spivit is living 
on in the ocoupied and battored Holland of this war, and he, though 
end, yet speaketh, inspiring his successors nt Leiden and Amsterdam 
to carry on the tradition of astrophysical research in spite of all ex- 
ternal dificulties—thus Verwaif hns produced s theoretical discussion 
of Stark effect in stellar spectra which was published in Holland and 
found its way to the United States of Amerien just before the entry 
of that country into this war. Porhaps I may add that Verwoij in 
that papor dealt a hard blow st « paper by a McGill colleague and 
mytelf, though T do not accept it naa knock-out blow. Further ro- 
search on this controversial subject is now in progress at the Dominion 
Astrophysical Observatory. 

Do Sitter had algo dedtioed from Einstein's theory the four con- 
@lusions which offored « hope of observational confirmation, One 
of those four crucial tests was whether rdinnt enotgy passing close 
to body with an intense gravitational field surrounding it, would be 
efleoted in accordance with Newton’s law of gravitation or with Bin- 
ateln’s modification of that law. Tt was Prof. A. 8. Eddington who 
realized the great importance of making this test at tho first favor- 
able opportunity, namely, at the timo of the total solar eolipse which 
wns to occut on May 29, 1919, with the Hyndes as background. War 
or no war, all the plans and preparations were pushed akead and thus 
it, was that when tho oventful day arrived, even though the Treaty of 
Vorsuilles hind not yet been signed, two British expeditions were in 
readiness to take tho crucial photographs. I often reread the 
written by a earned mathematician and philosophor in which he 
deseribed the meeting of the Royal Society when tho results of these 
eclipse expeditions wore announced, verifying as they did the theory 
of Einstein: : 

‘Tho whole atimompher® of tense Inteceat was exactly that of tho Grovk drama; 
‘We wero the chorus commenting on the decree of destiny a# disclosed tn tho 
evelopment of w muprume incident, There wan dramoatte quallty In the very 
itaxing;—tho traditional ceremontal, ani In the background the ‘pletice of 
‘Newton to remind ws thnt the greatest of scientific goneralinations was now, nfter 








> vcent work nt the D, A. 0, points to a confirmation of the work of Foster and Doughis 
fon the Interpretation af helin grote. 
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iore Uiay two centuries to recetve Its first modification. Nor was the personal 
interest wauting: a great adventure tn thought lind at length come safe fo shore. 
TA. N, Whitehead] 

‘De Sitter's expanding universe suggested un outward motion of 
tho stellar bodies within the framework of space as defined by his 
modification of the Einstein equation of spacetime geometry. ‘Ten 
years later, Lemaitre, who hd fought with the Belgian army in the 
War years and afterward entered Louvain University, brought for- 
ward his theory of expanding space, ‘This made the radius of cur- 
vature of space a function of time, and gave a new stimulus to the 
‘Astronomers in those grent observatories equipped to probe most 
deeply into space. In the following years, at Mount Wilson and 
Harvard particularly, the exploration of space wns carried’ on with 
vigor, and methods wero found of estimating the distances of the 
remote galaxies, A special lens was designed to obtain their spectra 
at Mount Wilson, and thanks to the broad, strong H and K lines of 
ionized ealcium, red shifts could be measured to distances estimated 
‘a5 250,000,000 light-years. ‘The correlation between distance and red 
shift has provided @ remarkable confirmation of the theory of the 
expanding universe, Recessional velocitiea up to ono-seventh the 
velocity of light have now been observed, In the yours between the 
ware a few voices were heard to question the interpretation of the red 
shift as « Doppler displacement, but sinco no alternative explanation 
suggested itself without postulating some entirely new law of Nature, 
the expanding universe remained as a working hypothesis in the back- 
ground of most astronomers’ minds, 

Ono of the interesting things that these recent war years have 
brought is the reopening of this question by E, P. Hubble. Is the 
universe expanding! Is tho red shift actually indicative of motion! 
Or is the framework of the universe static! And if static, what is 
the explanation of the displacement of all spectrum Lines to. the 
red for distant galaxies? Hubble's analysis of all available dat 
‘Tnsed on the assumption that the universe is expanding, necessitates 
the caloulation of a dimming factor due to recession. When cor: 
rection ia made for this in the estimation of distances, he claims 
that a map results which is not of homogeneous density, which 
implies an increasing rate of expansion with distance, and therefore 
an “age” of the universe totally inadequate, On the other hand 
whon ho assumes a static framework for the universe, the analysis 
of all the data gives a map that shows a linear relation between 
red shift and distance, and a homogeneity of density. ‘This map 
has more to commend it than has the former map, and hence the 
Assumption of a static fmework appears to bo favored. But, as 
Yarious astronomers have pointed out, the weakness of this result 
lies in the large probable errors of the quantities involved, so that 
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even an apparent divergencs of 30 pereent from uniformity of den- 
sity is not evidence weighty or certain enough to overthrow the 
Lemaitre theory of an expanding universe. 


Iv 


Important advances have been made recently. by Gamow and 
Bothe in our understanding of the sources of energy within stars 
which permit them to radiate energy as they do. Bethe has given 
tn exposition of u eyclieal sequence of atomie changes and interte- 
tions whose net result leaves a star with fewer hydrogen atoms, hut 
with more helium and the liberation of excess nuclear energy in the 
form of gamma rays, ‘This is now generally referred to as the carbon 
cycle and it is too beautiful not to be recorded here, for though 
published a few mouths before the war, it has been during the war 
years that it has become a part of astronomical thinking, Of the 
six stages, four result from collisions with hydrogen atoms in the 
deep, hot interiors of main sequence stars, and two are spontaneous 
Aisintegrations of unstable nuclei, 

WOh+ BH = NY hy 

2N¥—»  C™ + positron 

3.C% +H! = NYpy 

4N + Ht! me O84 7 

5.0% + N® +4 positron 

6.N*-+H'! = © + Hot 
‘Tho two positrons rapidly interact with electrons to give rise to 
gamma radiation, ‘Thus iv produced the penetrating radintion, most 
‘of which in the courve of its progress toward the boundary of the 
‘star becomes transformed into the heat, light, and ultraviolet radixtion 
that pour out from the photosphore.” ‘The central temperatures of 
the cool ginnt stars are insufficient to maintain this active cycle, but 
theory ean explain their radiant energy in torms of atomic collisions 
and tronsmutations which are, however, noncyclical. Hydrogen, 
deuterium, lithium, beryllium, boron are slowly transformed into. 
helium. 

Tf tho central regions of the hottest stars are not the crucibles of 
nature wherein the eloments are built up, where and under what 
conditions were they formed! A highly speculative answer is to bo 
found in an intensely interesting piece of thearotical research carried 
out during the early years of this war by Chandrasekhar and Heinrich, 
‘They have beon inquiring under what conditions of nature the basic 
‘units of matter—electrons, protons, neutrons, positrons—could be ex- 
pected to come together to form, in their various proportions, the 
stoms of all the isotopes of the elements fumilinr to the chemist, Ax 
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these lements compose all stellar bodies 1s well as all things ter- 
restrinl, thir synthesis is  cosinic problem. They find that such 
tremendous extremes of high temperature and high density would be 
required that it is necessary to suppose that all the matter of the 
known universe was once confined to a volume of raditis only about 
twenty times that of the solar system, Such a sphere drawn around 
‘our sun as center does not now contain a single other star. Yet into 
such a volume there may once have been packed not only all the 
thousind million stars of our own galaxy, but all the millions of 
other galaxies, This is indeed picture reminiscent of the “giant 
molecule” of Lemaitre. Sines stars and galuxies are not now this 
packed, expansion must have taken place some time very long ago, 
Tho present rate of expansion: is such that galactic distances are 
doubled every 1,800 million years. This gives the time elapsed, since 
tho expansion began, ax several thousand million years which is in 
satisfactory accord with the age of the earth ax determined by other 
physical Tines of approach and regarded necessarily ax « lower limit 
for the age of the universe. 

The last chapter on these cosmological problems is not yot written— 
indeed thero may well be many chapters yet to come and still no last 
chapter in sight, Tt is tho glory of the quest thit as men seek the 
unexplored horizon the margin fades forever and forever as they 
move. 

v 


‘An investigation of very recent date has led to positive conclusions 
about planetlike bodies associated with stars other than our sun, 
‘There ix strong evidence for this in the case of 61 Cygni and 70 
Ophiuchi. ‘This may be the beginning of a new search and n new 
certainty in a field of astronomy hitherto theoretical and speculative. 
Already several astronomers on two continents are studying the im- 
plications, 

Another astrophysical problem that has been worked upon with 
considerable success during these war years, is the old backlog prob- 
Jem since 1869 of the solar corons. At Uppsala, Edlén has been 
examining the X-ray and ultraviolot spectra of some very highly ion- 
ized atoms, and a year ago his 1942 paper was received in England and 
also in the United States of America. He uses his laboratory data ns 
basis for calculation of forbidden lines and altogether he identifies 17 
coronal lines with lines of Fe X, XI, XII, XIV, XV, Ni XI, XI, 
XV, XVI, Ca XII, XII, A X; and two other lines less certainly with 
Ca XV and A XIV. The ionization potentinis required to produce 
such atoms are very high, actually 283 volts for Fe X, 655 volts for 
‘Ca XIII, and at first this seemed to offor un insuperable obstacle to 
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acceptance of Edién's proposals, ‘Che age-old question of Nicodemus 
arose—how can theso things be! ‘These atoms are many thousand 
smiles from tho photosphere of the sun und to produce such fonization, 
temperatures of 2,000,000 degrees are necessary, Speculation and 
calculation have followed, A few months ago an explanation was 
given in a lotter to Nature by V. Vand of London, Even higher tem- 
peratures he shows to be possible in the low-density regions of the 
corona as a result of collisions of high-velocity atoms falling toward 
the sun from interplanetary space. With the greater density of tho 
inner corona and consequent increase in radintion losses, he boliaves 
conditions may be favorable to just those transitions postulated by 
Balin, 
VI 


‘The numbers 186, 187, 256 will awaken in the minds of many of 
you memories of n kindled interest, of perplexity, doubt, expecta- 
tion, and perhaps of moments of great thrill, as you think back 
over tho Inst 15 years. One name alone stands ventral among theso 
memories—that of Sir A. S. Eddington. This has been his play- 
ground pre-eminently. Some of us have stood fascinated at the adge 
of the field watching this illusive gamo played patiently, akillfully, 
brilliantly by one man, a master juggler with the elements of the 
theory of groups, with quantum mechanics, and with the basic units 
of measurement, producing, as from the proverbial hat, physical eqn 
stants both atomic and astronomical. Some there have beon who 
parivod to watch briefly, to smile or even ridicule tho Aristotelian 
tour de force, But steadily and doggedly the theory hns been pushed 
forward, several papers having appeared in tho Inst 3 years until 
now the evidence is overwhelmingly great that, with no observational 
data other than three basio constanta, namely, the velocity of light 
and the Rydberg and Faraday constants for hydrogen, it is possible 
to calculate theoretically the following 13 physical constants: chargo 
e; Planck's constant; masses of electron, proton, hydrogen atom; 
gravitation constant; fine structure constant; nucloar range-constant; 
nuclear energy-constant; mass of universe; number of particles in 
universo; Kinstein radius of space; nebular spoed, ‘This is n striking 

ent, 

‘Let us look briefly nt just two of these constants. The recessional 
yolocity of the spiral nebulae is calculated to be 572.26 km. per seo= 
‘ond per megaparsec. ‘The observational value of Hubble and Huian- 
s0n is $80, When tho great 200-inch reflector comes into action, we 
shall expect to see the observational value coms closer to Eddington’s 
determination. 

Tho number of independent quadruple wave functions at any point 
is 2X186X2"* or 3.1510" and in his earlier work Eddington iden- 
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tified this with the number of particles in the universe. Since 1939 he 
hus found that & question of nonintegrability in spherical spree 
nocessitates a reduction of 95 percent; so the number given in his 
1942 paper is 2.36% 10", 

‘This theortical appronch has now reached » point where its author 
can write “think the theory now deserves to be the accopted theory— 
my definition of an ‘accopted theory’ being that it is the theary which 
is 80 far right that everyone is interested in trying to discover what 
is wrong with it.” Can we wonder that he pauses in his work to refer 
to “the devastating beauty of quantum arithmetic.” ‘This entire in- 
vestigation must surely rank ax ane of the great adventures of the 
human mind exemplifying Blake's stately metaphor—“Imagination 
‘goes forth in its uncurbod glory.” 


vir 


‘This brief survey of u few fields of astronomical research, incom- 
plete as it obviously is, will sorve nevertheless to indicate that pure 
selence is not dormant, much Jess is it dead, during tho terrible years 
when the vile demoniacal God of War stands astride the earth, For 
many years the International Astronomical Union has been an in- 
fluence for understanding, and for cooperation in the search for 
knowledge with mutual respect and trust, It is temporarily in abey- 
ance, but it will once again rise to carry on its good work. The 
lesson of astronomy down the centuries has been ono of international 
interdependence and mutual indebtedness. 

‘The problems facing mankind are very complex—the dealings of 
man with man, the attitude of nation to nation, No solutions making: 
for international good will und world peace will be uchieved by men 
of narrow mind, myopic sight, and dwarfed soul. The far vision 
in timo and space, the winged imagination that leaps the barrier 
of hore and now—these are the qualities of mind and spirit needed in 
covery walk of lifo and neoded superiatively in the leaders of every 
nation if in the years just ahead of us progress ix to be made toward 
the great ideal of international unity. Mow can the eyes of the 
blind be awnkened to the dazzling vision of the City of God! For 
‘some it may be by the contagious enthusiasm of a great teacher or 
lender, for others the illumination from poetry, for some the spark 
is kindled by tho study of history, or of philosophy, and for yet others 
itis through natural philosophy and astronomy. Mankind noeds the 
perspective of the cosmic background. “The great values,” said 
Field Marshal Smuts, “retain their unfading glory and derive new: 
meaning from a cosmic setting.” 

‘There is a chullenge to the scientists and to the lovers of science: 
to toach the boys and girls, the young men und women of today and 
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tomorrow, the ideals, the wins, the methods, and the integrity of the 
solentific approach to facts and to problems. 

We do not forget the dictum of Rabelais, “Science without con- 
seience is damnation.” Wartime drives this home with bitter and. 
tragic intensity. But wo may say with grout asstirancs that science 
with conscience has an essential part to play in procuring and main- 
taining world conditions in which pence can endure. 

All who have the ideal of world citizenship at heart, all who have 
the far vision of things that haye been and of things that may be, 
and the reilistic grasp of things tliat ure, must cooperate in the great 
task of bringing into the affairs of mankind upon this earth some 
semblance of the order, beauty, and harmony of the universe of 
stars, Toward this end, both dirvetly and indirectly, astronomy and 
astronomers ean play a part; and it may prove to be a part which 
‘no one else can play for them borause they, tho astronomers, are the 
people with the fullest understanding of the cosmic background, 





THE STRUCTURE OF THE UNIVERSE" 


By Chatine Wotan Thearn 
Professor of Phyrice, The Rioo Inetitute 


Te may soem, at first sight, presumptuous to attempt the discussion, 
in one hour or less, of such & comprehensive topic as the structure of 
the universe, Actually the subject is not us big as it sounds, ‘There 
tre, in one sense, as many universes ag there are individuals; but the 
universe in this personal sense will be ruled out of the present diseus- 
sion. A tremendous simplification is at once achieved when wo Limit 
our topie to the physical universe, We now inquire, what is the phys 
ical universe? 

‘Eddington has definod it as the “theme of a specified body of knowl- 
ecg, just as Mr. Pickwick might be defined as the hero of a specified 
novel.” Such a definition emphasizes the epistemological point. of 
view and therefore it suffers from Inck of definiteness and simplicity. 
‘There is beautiful directness and decisiveness in the attitude of the 
mathematician who wrote an equation on one Tine in one of his pub- 
lished papers and said, “This equation contains everything we know 
about the physical universe,” ‘The conciseness of tho language of 
mathematics is probably nowhere better exemplified than in this equa- 
tion. On the other hand, the universe, if it ean be described in terms 
of mathematical symbols and with one equation, may not seem like 
such a big subject after all. 

‘To the physicist, matter, space, and timo exist outside the harman 
mind. ‘The physical universe is nn objective, dynamic arrangement. 
of all matter, space, and time, Tn discussing the structure of the 
universe we merely attempt to describe some of the features of this 
arrangement. 

Bofors beginning such a description it seems necessary to inilicate 
just how it is teluted to human welfare—sinco the general title of 
this sores of lectures is “Science and Human Welfare.” Tam ventur- 
ing to interpret the phrase “human welfare” in the broadest possible 
anso, ‘Thera art many types of scientific investigation which do not 
appear to have any direct bearing on the pleasures or pains of the 
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human race. ‘The discovery of the planet Pluto cannot be said to have 
done very much toward raising the sum total of haman welfare, in 
the ordinary sense. But in the broadest sense, it may be said that 
tho welfare of a nation is closely tied up with the capacity of that 
nution for untiring search after truth. Intellectual unrest, intellectual 
curiosity is, we like to think, essential to the true growth and develop 
ment of a people. A dairy campany advertises that its mill comes 
from contented cows. A rival company is perhaps more progressive 
in its views when it advertises that its cows are not contented—they are 
always trying to do better. 

‘Tho thesis is, then, that the pursuit of pure knowledge is indicative 
of m healthy national mind; that full development of intellectual 
activity, whether it bo in the matter of investigating the stars or in 
building a better radio, is essential to the true wolfare of m nation. 
‘The Russians asked a captured Nazi why ho came into their country. 
Ho replied, “I am just » little man, I do what the Fihrer says.” A 
nation is facing tragedy whon free speculation is discouraged, when 
science is devoted solely to control of men and machines and to the 
production of a workable mass of “little mon.” 

‘To bogin this discussion of matter, space, and timo wo will try frst 
to systematize our ideas of space, or size, in relation to matter. Tm- 
gine a long, horizontal line drawn go as to represent the “tho x-axis” 
Lot all objects in the universe bo placed along this lino in the order of 
thoir sizes. ‘The smallest objects will bo placod near the beginning of 
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tho line, at its loft end, Larger and largor objects will be placed 
farther and farthor to the right. We next divido the line into two 
parts by a vertical line, All objects to tho left of this vertical line 
‘are too small to be seen with the naked eye, #0 this region ix called the 
microscopic region. Tn it are placed different kinds of particles such 
‘asmolecules, atoms, the proton, the neutron, the mesotron, the electron, 
positron, and neutrino, ‘These particles are placed nearer and nearer 
to the origin of the line as they become smaller and smaller. It is 
‘worth noting that nature seems not to have given us anything amallor 
than the electron, in spite of the fact that there is plenty of room for 
particles bet ween the electron and the origin of the line, 

‘To the right of the vertical dividing line we place all objects large 
enough to be seen with the naked eye. This region is called the 
macroscopic region. Wo might put in here, stones, mountain, earth, 
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solar system, spiral nebulae. The farther end of the macroscopic 
region may be given a special subtitle, the ‘region. 

‘We have arranged here various matter elements in a certain spatial 
relationship. ‘The time concept is involved becuse this is an arrange- 
ment which may be correct only at one instant of time. It is possible 
that the position of some of these entities on the line is constantly 
changing. When an electron gets into rapid motion its mass is 
changed a little and it shortens one of ita dimensions. It thus shifts ite 
position on the line slightly to tho left whenever it has » high velocity, 
‘The solar system may be slowly running down so that the planets grad- 
unlly approach the sun. If this i the cage the position of the solar 
system on the line is slowly shifting to the left. 

Certain segments of this line haye occupied the attention of various 
specialists, Astronomers deat with everything listed to the right of 
earth, ‘Thousands of specialists work on the section from earth to 
‘itom. Physicists in recont-years have concentrated intensively on the 
segment from atom to zero, The discovery of the positron, the neutron, 
‘and the mesotron within the lust decade, has opened up » most fruitful 
field of resourch in physics. In this region, forever beyond the reach 
of the human eye, is probably contained most of the mystery of the 
entire universe, As K. K, Darrow has expressed it, “This field 1s 
iinique in modem physica for the minuteness of the phenomena, the 
delicacy of the observations, tho adventurous excursions of 
observers, the subtlety of the analysis, and tho grandeur of the 
inferences,” 

Tt is not too much to say that if some American physicist could only 
make the right kind of discovery in this domain our entire oil and eon! 
Industties would become more or Jess obsolete and World War IL 
would be worl in matter of days. It should also be said that such @ 
discovery is possible but not probable. 

Returning now to our linear lay-out for the universe we may note 
that everything to the right of proton is constructed out of the mate- 
rial included in the range from proton to zero, All matter in the vuni- 
‘Yorks exists in the form of bunches or aggregates of smaller parts, 
Protons, neutrons, electrons bunch to form atoms; atoms group into 
molecules; molecules group into stones and mountains; stones and 
mountains form the earth. In tho astronomical field, planets group 
‘about the sun to form the solar system—a solar system which in the 
astronomical field is remarkably like the atom in the microscopic field. 

‘The Important unit of structure in the nstronomical field is a sim. 
Practically all tho stars which wo can see on a clear night ate distant 
tains, much like our own, nlthotigh itis thought that only an extremely 
small fraction of these suns have planets around them like our own. 
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All these suns which can be recognized distinctly are grouped in w 
sort of flattened, disttlike bunch which is whirling in empty spce. 
Our own sun and plunetary system is a member of this group, being 
Tocated about 80,000 light-years? distant from the center, or hub, of 
this gigantic disk. When we look into space along the plane of the 
disk the stars coom to be distributed very densely. We see the milky 
way. ‘This buneh of suns is called a spiral nebula, It is sometimes 
ealled 1 galexy, or an island universe, The word “universe” in this 
sense has a restricted meaning because our island universe is not the 
only one in existence. ‘There are millions of others distributed 
throughout spave as far as our most powerful telescopes have been 
able to penetrate, 

‘The nebulae are by no means recent discoveries. Sir William 
Horschel, 159 years ago, suspected thut they were distant groups of 
stars. The philosopher Kant believed that they were “systems of 
many. stars, whose distanee presents them in such a narrow space 
that the light which is individually imperceptible from each of them, 
reaches ts, on necount of their immense multituds, in a uniform pale 
glimmer.” They haye been described as looking like “candlelight seen 
through horn.” A rough diagram, not drawn to seals, is given in 
figure 2 to indicate the total extent of the entire universe which has 
been observed, up to the present, with our most powerful telescopes, 

‘We might now indicate on the linear lay-out of figure 1 the approxi~ 
mate size af the lirgest bunch of matter, the spiral nebula, ns 100,000 
light-years. Also we might speculute as to the possibility of nebulas 
themsslves forming still larger groups. Extensive surveys have been 
made by the astronomers at Harvard and Mount Wilson, of the dis- 
tribution in space of the nebulae, and there is, indeed, evidence of 
grouping of nebulae, It is loyitimate to add another bunch of matter 
to the line Iny-out—the supernebula, or supergalaxy. 

‘The suporgulaxy is the largest known aggregation of matter in 
the universe. Its diameter may be of the order of million light- 
years. At least that is the estimate made by Harlow Shapley of 
the diameter of the group of nebulae:in which our own is located, 
‘Our local group contains perhaps 15 or 20 nebulae, but in some super- 
galaxies there are hundreds of members. 

So far, then, our picture of the universe reveale-a granular, or 
atomic structure, We start nenr the zero paint of size, with « particle 
of definite size, A fundamental law of attraction operates to cause 
the small particles to group together to form larger particles, these 
larger particles again group to form still larger particles, nnd 80 on 
tuntil we reach the limit of observation, the enormous supergalaxy, 


4A Wehtssvar le the latency whlch Higot travels In one year. TC awproxtinately 
',000,000,000,000 males. 
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We are unable to put a stop at the right-hand end of our line, as we 
lave done ut the left end. “Space may go on into infinity—possibly 
matter may go on bunching up into larger and larger aggregates 
‘with no Timit ag to theultimate size of any final bunch, because there 
may never be any final bunch, Speculations of this kind may be 
interesting bat they are not of much significance otherwise, because 
they take us outside the realm of possible human experience. 
















MW =1,000,000 
HUMBER OF NEBULAE® (00M 
STARS PER NEBULA= 100,000M 


Prova 2—Sphere of view of the 100-Inch telescope, Distances sre In light-years, 
‘LY, and the diagram ls tiot fo scale, Our earth Ie ubout 40,000 L. Y. awiky 
{roti the eentor of the central nebuln, nbore, 


Tt seems probable that in detecting the supergulaxy man has reached 
the limits of observation in his probing of the depths of space. “The 
‘now 200-inch telescope will he doing a fine job in belpinggt chart and 
‘inulyze these enormous groups of matter. 

"The line diagram of the universe, limited at one ond by thé electron, 
at the other by the supergalaxy, lias given a rather simple picture it 
terms of two varinbles, space atl snatter, ‘The third variable, time, 
mnust now be considered We have to consider the relationship be- 
tween the various units of our structure as this relationship may 
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change from time to time. Newton's Law of Universal Gravitation 
‘says that every particle of matter in the universe attracts every other 
Particle. If forces of attraction cause matter to bunch up into aggre- 
{gates of various sizes, why may not the various bunches themselves 
start coming together until eventually there results just one large, 
static bunch of matter floating quietly in an infinity of space? Such 
an end result seems logical, but it cannot happen until the kinetic 
energy of matter, the energy of motion, has been converted into 
radiation and transferred to infinity. Such a transfer of energy 
appears, in fact, to be going on. 

‘A study of the motions of the various aggregates may be expected to 
throw some light on this question, We start with the smallest par- 
ticles, electrons, for example. In addition to random motions caused 
by collisions with other particles, all electrons are supposed to spin. 
‘They may be thought of as being like tops which never run down. 
‘When an electron helps to form an atom, in addition to spinning 
it also revolves about the nucleus, just as the earth revolves about 
the sun. The nggregutions of matter between atom and earth on 
the diagram of figure 1 may have various kinds of motion but when 
earth is reached we again have the spin about an axis and the revola- 
tion about the sun. Our sun, together with all the other suns in its 
group, forms a nebula which spins with high speed about » central 
axis. The spin velocity is very high, but the size of our nebula is 
60 great that it tekes about 2 million centuries for it to make one 
revolution. As Shapley puts it, this is the time required to “click off 
‘one cosmic year.” 

‘The motion of the supernebula is not known in accurate detail. 
It is possible that some sort of gigantic spin is present here also, but 
#0 far such a spin has not been detected. Instead, a very surprising 
sort of motion has been discovered, a motion which is just contrary 
to what we expect if matter is to agglomerate into one big bunch. 
‘The supernebulae sppear to be receding from us. ‘The supernebula 
to which our galaxy belongs maintains its fixed dimensions, and be- 
haves more or Jess as a unit, but all the other supernebulae appear 
to be flying away from ours with high speeds. The farther away 
from us they are, the faster they seem to recede. ‘There seems to be 
no good way of explaining such » phenomenon. One might assume 
that © primeval explosion started all matter out in all directions 
from an original concentration, but there are serious difficulties 
‘involved in such « theory. 

‘Tho whole question of the expanding universe is definitely con- 
traversial. ‘The consequences of accepting or rejecting the theory 
reso great that it will be worth while to review briefly the evidence. 
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Suppose the lights of a very distant city are observed at night 
through a telescope. ‘The various spots of light all look much alike, 
Howaver, thoy are not all the sme in character. Some may be caused 
by incandescent lamps, some by neon signs, some, perhaps, may be 
due to the newer type of yellow sodium Iamp used for illuminating 
highways. 

‘We now put # glass prism in front of the telescope objective. ‘The 
telescope must be deviated sideways, if wo are to see the city through 
the prism and the telescope. When we do see it, euch spot of light 
appears to be smeared out into a band of color, The colors present 
in each spot of light are separated and spread out and we can se6 
just whut colors are present in the light from each source. ‘The neon 
‘signs are charneterized by definite colors in the orange and red; the 
sodium Iamps ean be recognized by the fact that only ono color, 
‘yellow, is visible. 

If we were to photograph the lights of an enormous city from an 
enormous distance the whole city would appear as a small, luminous 
spot. ‘The prism would smear out the separate lights of which the 
spot is composed, but they would all be superposed in « single 
smeared spot for the whole city. However, if there were a large 
number of sodium Jamps one point in the smear would be brighter 
than the rest because there would be an excess of the yellow sodium 
light. 

"A nebula, consisting of millions of suns a long distance away, be- 
hives like ‘our hypothetical city except for one small difference. 
Light from a sun has dark absorption lines or bands from which 
color is missing ns n result of absorption in the sun's atmosphere, 
‘There is a dark line in the spectrum of our own sun, corresponding 
to absorption of hydrogen in the sun's atmosphere. This dark Tine 
always appears at the samo place in the spectrum no matter what 
‘ind of a zource, and always means that hydrogen is present. Dark 
lines appear in the nearer nebulae about where they shonkd be in the 
spectrum, For the more distant nebulae, however, they are shifted 
townrd the red end of thespectrum. 

‘There is only one known explanation for such a shift of a spectral 
line. If the source is moving away from an observer the light re- 
ceived appears redder than when the source is stationary. ‘This 
phenomenon is called the Doppler effect. It is a matter of common 
‘experience in the field of sound. The pitch of an automobile hors 
js lowered as the horn passes rapidly by an observer and recedes 
from him. 

‘The photographs of the nebulae show that the hydrogen absorption’ 
line is shifted farther and farther away from the normsl position as 
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the pictures go to more and more distant: nebulae. ‘The anioumt of the 
shift gives the velocity. of recession, Many nebulae have been ob- 
served nnd the conclusion is reached that for every million light-years! 
distance from the earth the velocity of recession is in 

about 100 miles per second. The farthest nebulae observed are flying 
away from us with s speed of about 25,000 miles per second, 

It is woll to weigh critically the evidence for results like these. As 
tegards estimates of nebalar distances, the methods used by astrono- 
mers seem entirely adequate. In the nearest nebula individual stars 
can be seen. Some of these stars fluctuate in brightness with a period 
of 14 duys. Similar stars, known as Cephnid variables, are found in 
our own nebula, and the distances of a few of them have been deter- 
mined by ordinary engineering methods, It is found that these stars 
dare all of about the same size, so that if one Cepheid varinble is much 
fainter than another ite faintness may be attributed solely to its greater 
distance, The distance of the nearest nebula ean thus bo determined 
with cousiderable uceuracy by comparing the brightness of one of its 
Copheid variables with the brightness of a. similar star in our own 
galaxy—a star whose distanoe has been measured by reliable methods, 
Having a good cetimate of the distance of ont nebula it is legitimate to 
infer that other nebula of the seme type are fainter and smaller only 
because they are farther away. It is thus possible to estimnte their 
distances. ‘The results of these estimates might give occasional large 
errors, but when great number of observations are made the indi- 
vidual etrors must average out fairly well. 

As regards the shift of the absorption Line toward the red, a good 
muny attempts lave been nade to explain it in some other way than 
by the Doppler effect. So far, ull these attempts have failed or en- 
eountered logical difficulties. During the lust few years, however, 
certain evidencs tins accumulated which has brought about « para 
doxienl situation in the theory of the expanding universe. ‘There nre 
some very serious objections to the theory. First, let us suppose that 
ounexplosion hypothesis is more ar less in accord with the facts. After 
all, if tho nebulue are now observed to be scattering they must at some 
previous time have been more closely bunched. Tt is not difficult to 
caloulate how long ago it was when the nebulae were all together and 
touching each other. We know how far away they are now, wn know 
how fast they are receding, and how their velocity of recession varies 
‘with the distance from ns. ‘These data enable us to calculate the time 
when they must have started. According to Hubble, after all correc- 
tions have been made this starting time was about 1,000 million years 
go. Unfortunately this is only a froction of the ago of tho earth— 
indeed there is ovidence that life nctually existed on earth that Jong 
ago. It is difficult to see how our earth could exist in ite present form 
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at a time when wll matter in the universe was assembled and ready for 
1 cosmie blow-out of snch tremendous proportions. 

‘So much for objection number one. The second objection arises as 
follows. When a source of light moves away from an observer there 
are two effects produced. ‘The first, the Doppler ‘effect, hus been 
mentioned ax u change of color, « reddening of the light. A’second 
tdfect is 4 decrease of brightness, known as the “dimming factor" Tt 
is easy to see why a light should appear to be dimmer when the source 
moves away from the observer. Suppose a stationary machine gan 
is firing bullets at w fixed target at the rate of five per second. ‘Then 
every second five bullets hit the target. However, if the gun is moving 
away from the target, still fring five chots a second, there will not be 
five bullets hitting every second, ‘The bullet discharged from the gum 
fat the end of a given second will have liad to traverse a gréater distance 
than the bullet which was fired at the beginning of the sécond, s0 it 
will take a Inger time to reach the target. Perhaps only four bullets 
will hit tho target in one second, Tho extra bullet hus gone to Al the 
extra spuce in the bullet stream—the extra space created by the reces- 
sion of the gun. ‘The case of a light source is exactly analogous. 

‘Now in estimating the distance of w nebula its brightness is taken ag 
aeriterion of tho distance, The question arises as to whether the dim- 
ming factor should be applied when making the distance estimates, 
Té the nebulae are actually moving away from us then the factor mist 
certainly be applied, If the reddening of the light is not caused by 
velocity of recession then the dimming factor must not be applied. 
With such tremendous sperds af recession this factor makes quite » 
big difference in results, 

‘The following discussion is very largely quoted from the annual 
Sigma Xi lecture delivered in December 1941 at Dallas by EL P- 
Hubble of the Mount Wilson Observatory. Dr, Hubble is one of the 
world’s foremost authorities an the subject of nebular. 

‘Let us first suppooe that the reddening of the light is not caused by « 
velocity of recession. It may be due to some hitherto undiscovered and 
tnknown phenomenon, We can then estinnte distances without any 
dimming factor and u survey can be amade to find out how the nebulae 
‘ire distributed throughout the region of space within our present 
ringe of view. Stich surveys have been made at Mount Wilson and 
Mount Hamilton, ont to x distance of 420 million light-years Dat 
have nléo been ‘obtained and analyzed at ‘Harvard, and the net result 
indientes a fairly uniform distribution of nebulae throughout the 
observable regions of space. There are, on the average, just as many 
per unit volume at great distances ns in the immediate neighborhood 
of our own group. 
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‘This result is intellectually very satisfactory. In fact, it agrees 
with a fundamental principle of cosmological theory, a principle 
which has been postulated by theorists for no other reason than its 
‘appeal to our sense of order and the fitness of things. This principle 
states that the universe, on a grand scale, will appear much the same 
trom whutever position in space it may be viewed or explored, ‘This 
principle of cosmology is satisfied, therefore, if the nebulae are not 
assumed to be receding, 

‘We next investigate the consequences of assuming the red shift to 
‘bo due to a real velocity of recession of the nebulae, The dimming 
factor must now be applied in estimating distances, with the result 
that the most distant cluster is actually about 13 percent fainter than 
it would be if it wero stationary. ‘The scale of distances is thus 
altered, s0 that when we make our space survey to find out how tho 
nebulae are distributed it turns out that they re no longer scattered 
uniformly. ‘The number per unit volume increases steadily with 
their distance away from us. Here is a result which is intelootually 
very disquioting, ‘The cosmological principle of no favored position 
is violated. We might be willing to accept this violation if it went 
the other way, that is, if the density of nebulae decreased with dis- 
tance. Then we would conclude, very happily, that we had discovered 
another super-supergalaxy, another big matter buneh to put out on the 
right-hand end of our linear lay-out, No such interpretation can be 
given when the nebulae are found not to thin ont at big distances, but 
actually to become more dense in numbers. 

Tt may seom obvious to the layman that we ought to discard the 
idea of an expanding wiverse, It makes ua worry about the short 
time which has elapsed since the original cosmic explosion occurred ; 
it bothers uv with un increasing density of matter as we proceed far- 
‘ther and farther into the depths of space; and the only evidence we 
have to go on is a series of pictures, rather hazy, smeary pictures, in 
fact, with a light patch shifted too far to ono side. 

‘The physicist und the astronomer, unfortunately, cannot treat these 
fuzzy pictures in such a cavalier manner, There is no denying the 
existence of the shifted light patch in the pictures, hazy though it 
may be, There is no denying the fact that all such similar shifts of 
colar have been explained satisfactorily by the Doppler effect. and by 
the Doppler effect alone. One is reminded of the saying of the old. 
colored man, whose years of experience had developed a certain ripe 
Philosophy of life, *Lt-nin’t so much what you don’t know that gets 
you into trouble, it's what you do know and ain’t sa!” 

There aro several ways, more or Jess unsatisfactory, of escaping 
from the dilemma of the expanding universe, ‘The first way is not 
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‘8 good way, but like other escapist philosophies it must be consid- 
ered and estimated for what itis worth. It involves spatial curvature. 

‘The idea of curved space is now quite » familiar idea to. moat 
people. Eddington, Jeans, Kinstein, and others have written books 
for popular consumption and the sales have been very gratifying. 
Even the pulp magazines do not hesitate to invoke the fourth dimen- 
sion ayn mode of escape for the hero or the villian, A. simple way 
of approaching the concept of spatial curvature is as follows. "Think 
of a straight line along one dimension, Given a second dimension 
at right angles to the first, then we have the possibility of curving the 
line into the second dimension, Think of a plane surfnce, like a sheot 
of paper flat on a desk, Given w third dimension, at right angles 
to the desk, wa have the possibility. of curving the paper sheet into 
this third dimension. ‘Think of a solid Alling three dimensions, Give 
fs fourth dimension at right angles to the other threo, we then have 
‘n possibility of curving the solid into the fourth dimension. Tt is 
only because we have three-dimensional minds that we eannot seo 
this fourth dimension. 

‘A mathematician may speak of space itself ax being curved without 
reference to nny solid matter in it, For example, consider the earth 
to bo perfectly smooth. If wo were two-dimensional creatures instend 
of being three-dimensional, we might draw a big circle on the earth's 
surface, measur its diameter nd its circumference, and then find 
that the cinenmference was not equal to x times the diameter. We 
would not know that the circle was not flat (since we are assumed 
to be two-dimensional), but we could certainly infer a curvature 
‘of our flat space and even determine its radius if we knew enough 
about ordinary Euclidean geometry, which would work pretty well 
for small circles on the earth's surface. 

‘The mathematical description of the universe to which allusion 
was macle at the beginning of the lecture involved curving of three- 
dimonsional space in somewhat tho same fashion aa described above 
for the two-dimensional space. Tf space nctunlly is curved in. this 
Way our ondinary solid geometry, Euclidean geometry, would not 
bo quite correct. In order to find out whether it is correct, mensuro~ 
ments of certain kinds must be made. For example, if « negntive 
parallax could ever be observed for « ringlo star, a spherically curved 
spuco would bo implied. ‘The mathematician Schwarzschild a good 
many years ago, attempted to find what curvature of space woul 
tbe possible necording to certain types of non-Euctideun geometry. 
Th dealing with these geometries he said, “One there finds oneself, 
if one but will, in a» geometrical fairyland, but the heauty of this 
fairy tule is that one does not know but that it may come true.” 
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Schwarzschild’s results neod not be considered here because his date 
‘were limited and because we have at present more detailed modes of 
procedure than he used. ‘There are at least two mathematicians who 
Haye achieved the unique distinction of having a universe named 
after them. They are Einstein, and a Dutchman named de Sitter, 
Both universes are non-Euclidean and the Einstein universe appears 
to be the more popular. ‘The curvature of the Einstein universe is 
determined by the amount of matter in it, and if it is not a static 
univers, by cortain other factors. A chunt of matter produces quite 
‘a Jarge local curvature, which is evidenced to us hy what we call 
‘gravitational attraction. 

‘This universe is not infinite in extent. It is q closed universe with 
a finite volume but having no boundaries, just as the surface of a 
sphere is « closed surface of finite area yet. has no bounding edges. 
In this universe one might expect to sve a star in two directions, first 
by looking directly at it, second, by looking in the exactly opposite 
direction at light rays which haye gone completely around the circuit 
of the universe in the opposite direction. Star images have not been 
seen in this way, possibly because their light is too faint after the 
Tong trip around the universe, There is also the possibility that the 
theory is wrong. Tt has, however, been seriously suggested that. two 
very faint nebulae, observed in a certain direction, may actually be 
the backs of two of our nearest neighbors, as seen the long way 
around, 

‘The theary of » finite, closed universe is very attractive in many 
respects, We may again use the term “intellectually satisfactory” 
in this connection, largely because this universe can be given a concise 
mathematical description and in terms that explain the gravitationa) 
effects of matter. There is also, in many individuals, » definite 
repugnance to the idea of infinito space. In discussing the stars 
Kant, in 1755, says, “There is here no end, but an abyss of real 
mmensity in presence of which all the eapsbility of human concep- 
tion sinks exhausted.” ‘The finite mind likes to set up a blank wall 
somewhere, in order toend it all. It is probably intellectunlly satis- 
factory to know that one can start out in imagination and not have 
to get farther away forever and over, but will eventually get back to 
the good, old, familiar region of the starting point. 

With this picture of a finite, closed universe in mind wa may now 
return to the qhestion regarding the nebulae. Why should they 
appear to be crowded together at great distances from us? The 
answer might be that the curvature of spaco appents to make them 
crowd into smaller and smaller volumes as their distance inereases. 
Tf this is true it is possible to calculate what radius of curvature of 
the universe would give the observed apparent crowding of the 
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nebulae at great distances. Such calculations have been made and 
the universe turns out to be remirkably small Tn fact, it is so 
small that our largest telescopes would ullow us to sce about one-sixth 
of the way around it. This small universe is required in order to 
explain the apparent nonuniform distribution of the nebulae, How- 
over, if we calculate the radius of the universe in this way we are 
obliged to have only a certain umount: of matter in it, since, according 
to Einstein, the radius is determined by this total amount of matter. 
‘Hubble has made surveys to find out whether the observed amount 
of matter will fit in with the rudins as determined above. He esti- 
mutes that if all observable stare and nebulae were smeared out 
uniformly there would be « maximum of about one hydrogen atom 
per cubic méter. This density of matter is far too small, In other 
words, there is not enough matter in the universe to give it a curvature 
grout enough to spread out the nebulae uniformly, ‘The theory of 
curvature of space has, therefore, failed to resolve the problem. 

‘Another way out of the dilemma is to suppose that the observa 
tions of the astronomers are in error. Here is what Hubble has to sny. 

‘Theso questions have been carefully reexamine! during the past few yaar 
Verlous mluor revisions have been tude, bit the end results remain substi 
ally unehunged, By the usual erlteria of probable errors the data seem to be 
wuMicwently cnsistent for thelr purpose. Nevertheless, the operations are dell 
cate, and the mist alguificant data are found near the limits of the greatest 
telescopes, Cader such conditions It 1s always possible that results muy be 
affected by hidden systematic error, Although no suggestion of voch wtror 
‘has Deen found, the possibilty will peralst untll investigations can be repeated 
with Improvedt techalques and more powerful telescopes. Uitlmatoly the prob 
Tet ahiould be setting beyond question by the 20btneh reflector destined for 
Palomar. 

‘This telescope will have about twice the range of the best one now 
in use. Work on it has heen stopped by the war, so it is impossible 
to predict: just how soon it ean be put to work on this problem, 

The last way which may be suggested for escaping from the 
dilemma is to suppose that in the region of astronomical magnitudes 
some new principle of nature is operative—some principle which we 
have not yet disovered in the ordinary macroscopic field. Such 
principle woald hava to free us from the necessity of using the Dopp- 
ler effect, and we would no longer have to sty that experimental 
observation shows the universe to be expanding. ‘This new principle 
Would, therefore, have to explain why the light from nebulae gets 
redder nnd redder us it travels greater and greater distances, Per- 
hhups light whieh has buen traveling for 100 million years in n straight 
Tine exhibits its senility by a decrease in the frequency of its vibra- 
tions. We do not know of any possible reason such as this why old 
Tight should be different in any way from now light. ‘The any place 
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from which we can get really 38 Bh i fo an est oe, 
so our chances of establishing by experiment a new principle of 
physics like this seems at present to be involved in » vicious circle 
from which there is no escape. 

It appears, therefore, that our knowledge of the structure of the 
universe at the limits of the astronomical range is unsatisfactory. 
‘We have to recognize that there are discrepancies between theory and 
experimental observations. Hubble says that “a choice is presented, 
‘as once before in the days of Copernicus, between a strangely small, 
finite universe, and @ sensibly infinite universe plus a new principle 
of nature.” 

We may now go back once more for a comprehensive view of what 
we have called the linear lay-out of the universe in figure 1, The 
three components, or variables, were assumed quite simply to be space, 
‘matter, and time, At the right-hand end of the scale we haye become: 
embroiled in some rather questionable speculations regarding the 
nature of space and the behavior of light, In this region, where a 
light-year is the unit of distance and a nebula the unit of mass, wo 
have good reason for suspecting that the mechanics of the universe 
‘cannot be described or explained in such a simple way as in the region 
‘of miles and mountains. 

Peeuliarly enough, if we go from the enormously grest region to 
tho extremely small region, the region of the electron and the posi- 
tron, we encounter similar difficulties, You will remember that Dar- 
row characterized the microscopic region as unique because “of the 
adventurous excursions of tke eterna? and “the grandeur of the 
inferences.” One or two of these inferences and excursions may be 
cited here, and it will appear that the simple concepts of space and 
matter have suffered in the microscopic field in much the same way 
that they have suffered in the astronomical field. As the result of 
investigntions in the field of the small particles it has become neces- 
‘sary to broaden our ideas as to the nature of matter. Cloud-chamber 
pictures Iiave allowed us practically to see two particles of matter 
¢reated in space from the eneriy contained in 

‘Tho thing that happens is that a photon, an atom of radiant 
energy traveling with the speed of light, somehow gets itself into a 
peculiar situation in a microscopic field of some kind. The result 
is that the photon changes into two particles with electric charges, 
& positron and an electron. 

Tn the macroscopic size range an equivalent phenomenon would be 
for n quantity of sunshine, pasting by an iron ball, to change sud- 
denly into a couple of buckshot, 

‘Noedless to say, no one has ever scen anything like this happen. Tt 
is only when sizes become so smal) as to prevent direct observation 
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that the event ocure We may woll say that something peculiar is 
going on in the microscopic field. Something is happening which is 
foreign to our ordinary experience. 

‘Technically this phenomenon is known as pair production by = 
photon. The reverse process, conversion of matter into radiation, 
ean ocour when an electron and a positron come together under proper 
conditions. They disappear and two photons of radiation are shot 
‘out with the speed of light in opposite directions. 

Matter und energy can now be thought of as practically synony- 
mous. It thus becomes possible to make certain grand inferences 
‘with the object of saving the universe from running down. Millions 
of suns are slowly bat surely converting their matter and their 
energy into radiation and this radiation is constantly eseaping into 
infinity. Perhaps somewhere in space radiation may be changed buck 
into matter, Perhaps the universe is engaged in n reversible cyclo, 
instead of an irreversible one, as is commonly supposed. 

‘As an illustration of what Darrow calls an “adventurous excursion” 
‘of an observer we may take the Dirac theory of the positron. Dirac 
iyo brilliant young Englishman, « mathematician who hus demon. 
strated a high degree of daring and originality in his handling of 
theorutical physics, 

His theory of the positron starts out with two peculiar assumptions, 
First, particle may have « negative kinetic energy. Second, all 
space is filled with particles of negative kinetio energy. ‘There is a 
dixtribution of electrons of infinite density everywhero in the world. 
A perfect vacuum is a region where all tho states of positive energy 
are unoccupied nd all those of negative energy are occupied. 

‘When an electron, by some moans or other, gots knocked out of 
this state of negative energy into a state of positive energy, it is 
observed as an ordinary electron; the hole which was left is a 
Positron, ‘This hole may wander around for x short time, but there 
‘are s many more electrons in tho universe than holes that it is not 
long before some electron drops into the hole and both hole and 
clectron disappear from the view of normal people. ‘The vory short 
life of the positron is thus explained, as is also the phenomenon of 
pair production and the conversion of matter into radiation. 

T have given this hasty outline of the theory, not that I expect 
anyone to understand it—it is hardly to be expected that negative 
‘energy can be understood—but becauso it illustrates the lengths to 
which a theorist has to go in creating physical explanation in this 
field, Tn the microscopic range of sizes a quite perfect explanution 
of things is given by a specialized type of mathematics called wave 
mechanies. Itis only when this mathematical symbolism is explained 
in terms of physical symbolism that we call it an adventurous 
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excursion, Dirac showed great courage in even trying to give a 
physical picture of his mathematical theory. ‘The fact is that in 
the microscopic field things may behave in a way entirely foreign to 
‘the way in which wo have always seen lange objects behave, hence they 
cannot be explained in the old familinr ways. 

‘There is in most peoplo a strong tendency to label as “bunk” that 
which is not understood. This tendeney is, on the whole, a healthy 
one. Skepticism is preferable to credulity if one is thinking in terms 
cof the struggle for existence. ‘The radio listeners who believe all the 
remarkable statements made about cough syrups, breakfast. foods, 
cigarettes, etc., must certainly be struggling very hard for existence. 
However, skepticism based upon n lack of understanding is. danger- 
ous attitude of mind. Prof. P. W. Bridgman of Harvard has this to 
say in his book, “The Logic of Modern Physics": 

Tete dimenlt to conceive anything more-sclentiscally bigoted than to postutate 
‘that all jossible experlence confurme to the saune type an that with which we 
sure alrvarly turlllar, and therefore fo demu tht explasiattone use any elewsentn 
familiar In everyday experienee. Snch an attituite bespeaks an unimaginative 
hess, 9 montal obtuseness nnd obstinacy which might be expected to have 
exhittted thelr pragmatic Justifiontion at a Yowvr plane of messta netivity. 

‘Tho explanation of microscopic phenomena, then, utilizes concepts 
which are not familiar to everyday experience. For that reason the 
microscopic tends to undermine any smug complacency we may have 
regarding our knowledge of nature and the universe. ‘Take, for 
example, the Heisenberg uncertainty principle. This principle states 
that we can never know accurately both the position and the velocity 
of w small particle. It is eary to see why this is true. We can see the 
small particle because light has bounced off of it into our eye, We see 
it in the direction from which the light bounced. 

But the light, in bouncing from the particle, must have given it a 
push so that either its position or its velocity will have been changed 
by the mere fact that light must be used to observe it. By the time the 
light photon gets to the eye of the observer the particle will not be nb 
exactly the spot from which the photon wppeared to bounce, 

‘This uncertainty principle has been given an exact mathematical 
formulation. It turns out that if the position of an electron is known 
to within 0.004 inch then the speed of its motion is uncertain to within 
about 8 feet per second—the speed of a slow walk. 

‘The tendency, at first, is to consider this as rather a superficial 
principle. T can easily imagine a particle to have both position and 
momentum simultaneously; why bother so much whout a mechanism 
for determining them? However, a thorough study of the situation, 
with an analysis of every conesivable means afforded by nature for 
making determinations, impresses one with a fecling that here is a 
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conspiracy of nature to prevent man from acquiring too muich detailed 
information. A conspiracy of nature is a law of nature; we cannot 
past it over a being of no importance. Tt is es if nature hnd erected 
‘4 wall of impenetrability around the smallest particles and forced us 
to see them only partially, as if through the cracks in the wall. 

It appoars, therefore, that we are asking a meaningless question 
when we ask just where an electron ié when it has a certain definite 
momentum. No possible operation can be thought of by whicl an 
‘answer to this question can be obtained without violating a law of 
nature. The conclusion is that the electron cannot have an exact 
velocity and an exact momentum simultaneously. ‘There is an essen= 
tinl fueainess in the very foundations of nature herself, Time and 
space are little peculiar in the microscopic region, most certainly, 

Someone has said that “che infinite, whether the infinitely large, 
or the infinitely small, seems to carry disaster in its wake.” I do 
not think the word disaster is happily chosen in this connection. 
Tt ig true that the two infinities at either end of our linear lay-out 
have shattered the beauitifal, crystal-clear mechanical gystem which 
described the universe during most of the nineteenth eentury—when 
the Iuminiferous ether was as definitely material as a piece of iron, 
and when a scientist could say that practically all pioneer research 
in physics was over and nothing remained except to measure things 
with increasing accuracy, This complacent attitude is fortunately 
gone forever, and the two infinities have had a great-deal to do with 
its disppearance. ‘The new problems presented, the paradoxes, the 
tncertaintics, all combine to give us m picture of modern science 
once more struggling, onge more growing. It seems better to change 
tho quotation to read, “The infinite, whether the infinitely large or 
the infinitely small, seems to have carried renaissance in its wake,” 

Tn summing up the subject we may say that the small part of the 
universe, open to everyday experience, has given ts a simple concep- 
tion of nature, a simple body of laws, which seems unable to cope 
with problems sither in the region of the smpernebulae or in the 
region of the extremely small particles. 

Tn the latter field we have found that, properly speaking, deserip- 
tions of phenomena must be mainly mathematical. Such deserip- 
tions are quite adequate at present, and we feel that the main prob- 
Jems of explanation are well in arid, But we must be careful not 
to expect the same type of explanation that is used for objects of 
ordinary size, and we must remember that here there is a certain 
indefiniteness of behavior. We do not say that « small particle ean 
never get over a high hill when it does not have enough energy to 
carry it to the top, We my that the probability of its getting over is 
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small. It actually bas a small probability of doing the job with an 
insufficient amount of energy! 

‘Tn the region of the supernebulae we are at present up against a 
paradox. We are at liberty to suppose that space is of a peculiarly 
curved character, or that it goes on to infinity; that the supernebulae 
are flying away with enormous velocities, or that some unknown 
principle of nature is deceiving us, We may be affected by u feeling 
of futility because of this state of affairs, and even have a sympathetic 
fecling for St, Ambrose, who in A. D. 389 wrote: 

‘To disetys the nature of the earth does not belp us in our hope of the Tite to 
come, It is enough to know that Scripture states that He hung up the earth 
‘on nothing Why nrue whether He hung it up in alr or on water? ‘The 
tnunJesty of God constrains tt hy the law of His will, 

‘The spirit of modern science is not in agreement with St. Ambrose, 
und is not to be discouraged by apparent contradictions. This spirit 
demands continual arguing and speculating as to how the universe is 
Imng up. Certainly we will always see as through « glass darkly, 
but just as certainly we will always keep on trying to polish the 
ins. 


INDUSTRIAL SCIENCE LOOKS AHEAD* 


By Betoapen Gievexas Davin Saaxore 
President, Ridlo Corporation of America 

Industrial science at war is shaping s new world. While the bat- 
to lines of the United Nations encircle the Fortress Europe and the 
gigantic pincers of victory tighten on the enemy in the Pucifio, civi- 
lization advances ever closer to the postwar horizon, With victory 
will come the day when the scientific instruments and processes of 
war will turn abruptly to peice. Machines and. tools, as well as 
industrial und economic thinking, will be converted quickly from the 
demands of war to the needs of peace. Industry will be called upon 
to relioye tho strains of war with utmost speed by ministering anew 
to human welfare, hoalth, and comfort. Postwar planners are now 
at workin many fields of industrial endeavor. 

It is not new for American industry to be surveying and planning 
for the future. ‘That process is always at work here, whether tho 
world is at pesce or nt war, Only by advanced thinking, research, 
engineering, and continual pioneering, can industrial science put 
now ideas into action. By doing this, industry serves its workers 
und the people, and thereby wins the right to-survive. 

We have but to consider somo of the outstanding wartime develop: 
ments of industrial science to realize their widespresd spplications 
in all fields, from automobiles to giant turbines and dlesel engines, 
from cameras to facsimile and television, Endlessly these advances 
extend into every realm of our daily lives, Among the promises of 
Lotter living we are told of new plastics, light metals, synthetic tex- 
tiles, high-octane gasoline, artificial rubber, luminescent lighting, air- 
conditioning, dehydration of foodstuffs, and many other innovations. 
We even hear of glass flatirons and plastic lenses. We are promiced 
revolutionary changes in homes, aircraft, communications, ships, 
railroads, automobiles, highways, elothing, and foods. In myriad 
scays the wartime invontions in electricity, metallurgy, chemistry, and 
physics will open now gateways for industrial science to enter and 
enrich our everyday life. 





Tihadress dutivered detore the Lauraster Chapter of the American Aswoelation for the 
Allvencement uf Selence.  Repriated hy prraaaion fram Selence, vol, BB Nox, 10, 1048. 
183 
‘s108s0—42—10 


184 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1 


‘As for the great, modern art of radio, I can promise you that as 
service to mankind everywhere it will keep pace with the march of 
science and industry in every other field. 

‘Today is the anniversary of a historic event that provides us with 
4 timely opportunity to review the remarkable advances of radio 
within a quarter century, to reflect upon its vital role in the war, and 
to look into its future. 

‘Twenty-five years ngo this morning, news flashed across the hemi- 
spheres that the first World War had ended. In retrospect that day 
appears as a flecting moment. History lifted her pen and paused to 
dot the *i" of an empty victory that proved to be’ only the prelude 
toa global war unprecedented in fury, extent, and destruction. 

In that autumn of 1918, Germany's pleas for peace had revealed 
plight of the German people, Germany was cracking. American 
radio was entrusted to transmit to a defeated nation President 
Wilson's Fourteen Points as u basis for the restoration of peace, and 
for a general armistice on land, on water, and in the air. Radio opera- 
tors stood by forthe answer. It came on the midnight air of November 
11, when silenes in the “ether” over the Atlantic was interrupted by a 
flash from Europe, At 2:45 a, m, New York time, the news broke. 
‘The State Department in Washington announced the Armistice had 
been signed nt midnight, and hostilities would cease at 6 o'clock in the 
morning—t1 #, m.in France, 

‘There was no radio broudeasting to spread the welcome word—"It's 
over, over there!” 

‘Under the banner headline “Peace,” Americans read the news at 
their breakfast tables, The world was only « reading world at that 
time, It had not yet learned to listen, News spread slowly in 1918, 
Although powerful radio alternators relayed these tidings around 
the world to ships on the Seven Seas, homes were not yet radio 
equipped. Many days passed before news of the Armistice filtered 
into remote hamlets and farms. War correspondents were scribes, 
not eyewitness broadcasters; they liad the pen but no microphone. 
‘Today news travels nt the speed of light, in every language to every 
corner of the earth, 

In those days there were no globe-encireling short waves, no high- 
Power vacuum tubes, no universal receiving sets. The radiophone 
‘was just learning to talk. The electron tube had not yet revealed 
its power und its unlimited possibilities. 

‘The radio of thnt day gave everything it had to win the war. Re: 
search men ind enginsers rushed new devices into service to main- 
thin contacts with the battle fleet, with the convoys and the American 
Expeditionary Force in Fratice. Although ships in the mid-Atlantic 
could not maintain direct contact with American and European shores, 





INDUSTRIAL SCIENCE—SARNOFF 185 


the long waves of powerful land stations swept across the sea and 
linked America with its Allies, War bulletins moved through: the air 
at the rate of 30 to 40 words x minute. ‘Today, short waves and high 
speed automatic machines hundle news at the rate-of more than 600 
words a minute, Tn the First World War, American newspapers had 
to wait for ships to arrive with the historic pictures of Pershing and 
the A. E. F. i France, Now radiophoto service can deliver pictures 
of Eisenhower and his forces in Italy and MacArthur and his troops 
in the South Pacific a few minutes after the camera snaps them. 

Today, largely becuse of radio, New York is the communication 
center of the world. Tn 1918, it was London. During the first World 
War the United States found itself sat the mercy of foreign commani- 
cations, America learned the lesson then, that radio was the nerve 
gystem of wir as well ax of peace. Immediate steps were taken to 
safeguard the fature, to give the United States eupremncy in world- 
wide communications nrid to make sure that never again would this Re- 
public be dependent upon the wave Ingths, cables, or wires operated 
and controfled by other nations, 

‘As a result of this determination, the direct radiotelegrnph circuits 
of RCA now reach 51 countries in Central and South Ameries, the 
West Indies, Europe, Asia, Africa, and Australasin, Radiophoto clr- 
cuits operate between New York and London, Stockholm, Berne, Mos 
cow, Cairo, and Buenos Aires, while the terminal at San Franciveo 
serves Honohilu and Melbourne, 

Tn this war, radio is everywhere—with soldier, sailor, marine, 
and airman, Modern warfare has put radio instruments into every 
bomber and fighter plane, into every mechnnized unit, and into every 
ship, There were no walkie-talices or handy-talkies in No-Man’s 
Land, at Verda or ut the Marne, ‘The “cease firing” ordet signed 
by Foch was shouted and earried by runners along the trenches. “The 
radio equipment of that day was too massive and too heavy for more 
than a limited use in nirplanes. Now compact, efficient radio goes 
aloft with all planes; wave lengths nre their life lints. Coordinating. 
rent aerial squadrons, radio guides the bombers and swarms of 
fighters over the targets, and safely back to the airports, The para- 
trooper leaps from the skies with # miniature radio transmitter —no 
lurger than a cracker box—strapped to his belt. The artillery, 
through its radio, knows at all times what the infantry wants, when 
it wants it, and exactly where it wants it. 

‘These historic comparisons dramatize the great advances nade by 
radio in n quarter of 8 century. Industrial science and private enter- 
prise, free and unfettered, took the war-born electron tubes, the ra 
telephone, and the short waves, and adapted them to peveefal 
pursuits, "Clues to what might be accomplished in pete were, how- 
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ever, in the air during those final months of the first World War, 
‘When  sub-chuser dashed out to sea from a port in Maine, ite radio 
operutor moved a portable phonograph near to his radiophone micro- 
phone to broadcast a popular wartimo tune, “I May Be Gone for a 
Long, Long Time.” From the Navy station at New Brunswick, N. J, 
the “Star Spangled Banner” was broadcast up and down the const, 
‘These were forerunners of the day when radio music from hundreds 
of stations would encirele:the globo. 

War had revealed that now inatrnments could be mado available 
for mass communication, The time was opportune atid industrial 
science was prepared to answer the challenge. Soon after the Ax 
tniatice, America became aflame with a new national pastime—that of 
listening-in. ‘The vast industry of broadcasting came into being. Its 
achievements ns a service to America and to all the world during the 
Piet quarter of a century are an epoch-making and deamatio story 
of American ingenuity nnd enterprise at its best. 

In no other nation bas radio developed as it hus in the United 
States. Nowhere else are people better informed. Today this 
country is served by more than 900 broadcasting stutions and 4 ma- 
tional networks, Thére wre 60,000,000 receiving sets in our land, 
The owner of every set is free to listen to any wave length from any 
country. American radio dials are symbols of freedom. 

‘The scientists, who worked out inventions and harnessed the wave 
lengths to equip America with this unsurpassed radio system, realized 
only vaguely that their achievements might be used in 4 second World 
War. Theirs wero the tasks of peace. ‘They worked to make a spm- 
phony orchestra sound with perfection hundreds and thousands of 
miles distant from its source and enable the human voice to ring true 
on the other side of the globe. 

‘They extended the influence of news, education, and religion to all 
parts of the earth. ‘They made the world an open-air theater in 
which countless millions of people could enjoy free entertainment. 

‘Thus, scientists made American radio the Voice of Freedom, so 
interwoven with our daily lives that wo have come to think of radio 
as an achievement only of the twentieth contury, It is, however, n 
child of the nges. Modern radio came into existence through a long 
process of evolution. The long corridors of time through which man 
hns conducted research and experiments extend far into tho Past, 
‘They tend back to ancient Grooee. ‘Thoro tho first electric sparks, 
called electrum, kindled a new science and unleashed a new fores— 
electricity. 

Whilo the men of gcience were seeking to explain the mystery of 
these sparks, the philosophers of Grecce fotsaw that if democratic 
government, were to remain eifective, the range of the human voice 
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would inv to be greatly extended. Aristotle argued that the best 
of states might well outgrow geographieal boundaries with popula- 
tions reaching stich size that well-ordered and efficient government 
‘could not function, Ho said that a democratic goyernment required 
that the citizens keep in touch with one another; that their lenders 
know each other and that they study at first hind their common poli- 
tical problems and the policies necessary to meet them, But Aristotle 
warned that it would be impossible to necomplish this in the overgrown 
state, “for who contd be the leader of the people in such a State, or 
who the town-crier, unless he have the voico of a Stentor!” Tb 
would seotty that Aristotle even forecast the need for television, be- 
cause he believed thut the people needed to eee their lenders, ax well 
‘as hear them at long ring. 

‘Two thousand years later we have seen this come to pass, for science 
has provided government and ite leaders with radio, The entire Ni- 
tion hus become an open forum. ‘The leader of the modern stato is 
hhonrd at one time by more people than Aristotle and Soerutes reached 
in their life time, Electricity has made the microphone the voice of 
tlie Stentors onr leaders talk to the poople, and at the same instant 
they are heard aroand the world, 

“Wo of this genration hiave seen men of evil intent stopped by the 
very tole of science thoy perverted ruthlessly to extend their power. 
‘We have watched science halt the tyrant and dictator as the: ‘stentorian 
voice of the United Nations cried out in defense of freedom, democracy, 
and justion 

‘When this war ends, we shall be on the threshold of a now era 
in radio—an ora in which tan will see, ns well as hear, distant events, 
‘The first two decades of the century belonged to wireless telography. 
‘The second two deendes featuréd sound broadcasting; the third two 
decades promise television. It is not too bold to, predict that the fourth 
two decades will introduce international television with pictures in 
color. 

Teis even possible that in tho two final decades, we may complete 
the century ‘with power traninission by radio, and its uso in the 
operution of vehicles, iutomobiles, ships, railronds, and airplanes. 
Whien completed, the story of these first hundred years of radio will 
make fascinating reading. Even « Jules Verne could not tell us all 
that ties ahead in this magic realm of rndio-electronics. 

‘The seionce of radio is no longer confined to communications, 
Among revolutionary accomplishments in other Tines, we have the 
‘lectran microscope, one of the most important now: scientific tools of 
the twentioth century. Developed in RCA Laboratories, and based 
upon television techniques, this instrument has w high wartime prior- 
ity rating for use in scientific, niedigal, and industrial research, For 
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the first time it has made it possible for us to see and identify mole- 
cules, and to photograph the influenza virus, It has revealed, in in- 
finite detail, the true structures of fibers, crystals, and pigments. The 
submicroscopic world is now opened wide for exploration. Bacteria, 
tissues, and minute particles of matter have been brought within 
range of man’s eye, for the electron microscope, many times mora 
powerful than the strongest optical microscope, permits magnifica- 
tions up to 100,000 diameters, A needle on such a scale of mngnifica- 
tion would appear as huge as the Washington Monument; a blood cor- 
puscls as large as the wheel of an automobile and a football field 
five times the size of the United States 

‘Wartime industrial research and engineering have rushed into uss 
still another branch of radio—the art of utiliding high-frequency 
radio waves for heating, It violates no military secret to report that 
in this new field of radiothermics, a laminated airplane propeller can 
be progessed in minutes compared with hours required by ordinary 
heatand pressure methods. In many cases where uniform heat under 
accurate control is necessary in industrial processes, radiothermics 
offers great promise in eficiency and time saving. ‘The wide scope 
of its application ranges from case-hardening stesl to dehydrating 
foods, from gluing prefabricated houses to seaming thermoplastic 
materials by means of a “radio sewing machine.” ‘These accomplich- 
ments are all based upon the simple fact that microwaves, in penotrat- 
ing an object, encounter resistance and create heat. 

Farther afield from communications, research men are exploring 
supersonio vibrations, fur abore the range of the human ear. ‘The use 
of these ultrasonics in chemistry may open a field in which high- 
intensity sound accelerates chemical reactions. Experimenta also 
indicate important possibilities in many other fields including under- 
Water communication, emulsification of liquids, and precipitation of 
dust. from the sir. 

‘We attribute all these lines of progress to the science of electronica, 
‘The heart of that science is the radio tube. Millions and millions of 
tadio-electron tubes are on duty around the world. They are being 
manufactured in the United States at the rate of 400,000.8 day. The 
communities in which they are made are on the front line of pro- 
duction. The grent importance of oach radio tube that moves off the 
production lines can only be envisaged by considering the many fune- 
tions it performs in helping to win the war. ‘The delicate finger of 
the worker who mukes the tubes has a task as vital as the finger of « 
soldier on the trigger of a rifle. 

‘Likewise, radio-electron tubes are as important in peace ns in war. 
‘They are the master keys to revolutionary advances in radio, ‘They 
have registered the sound of footprints in the past; they are the 





ENDUSTRIAL SCIENCE—SARNOFF 189 


pulse of the present and the “eye” of television that sees far into the 
future, 

‘The day may come when every person will ave his own little radio 
station tucked away in his pocket, to hear and to communicate with 
his home or his aflice as he walks or rides along thesstreet, 

‘We have much to learn about the microwaves, in which is wrapped 
up this now world of individualized radio, Tiny electron tubes may 
make it possible to design radio receivers and transmitters no larger 
than a fountain pen, a cigarette case, w billfold, or a lady’s powder 
box. Some day people may carry television screens on their wrists 
aa they now carry watebes, As the useful spectrum of mdio np 
proaches the frontiers of Light, the apparatus will become simpler 
and more compact. 

"Today science is leading us out of a world in which radio has been 
blind. ‘Tomarrow we shall have radio sight. By this Tdo not.mean 
that we shall look only nt pictures in motion that travel through the 
air, Radiovision will have many uses. It will serve wherever sight 
ig needed, For instance, it will be used to prevent collisions on high- 
ways and railroads, on sea lanes and on the airways of the world. 
Radio will be the new eye of transportation and commerce. Appli- 
cations of radio optics are unlimited. With radio ear and eye to 
guide them, the great stratoliners will be superhuman in their jn- 
Sstincts of hearing and seeing as they speed through space with 
passengers and freight. Radio, which made the world « whispering 
gallery, will turn it into a world of mirrors, 

‘Radio's great responsibilties do not stop there, A formidable task 
lies ahead for communications in the restoration of pexce, in the re 
construction of the world, in the reestablishment of international 
trade. 


Tf American industrial science is to play its destined role in the re- 
construction period, government should not unduly restrict private 
enterprise or enter into competition with industry. On the 
hand, it is of no avail for industry merely to point to the dangers of 
governmental restraints. Industry must give evidence of leadership 
by presenting practical alternatives. 

‘The day of pioneering in America has not ended, Trail blaxing 
now calla for joint effort by government, labor, and industry. ‘Their 
authority, experience, and vision must fuse harmoniously to achieve 
stiecess. ‘The samme spirit of give-and-take must prevail in industrial 
stutesmanship as in national and international stntesmanship. ‘There 
must be but one gonl—the welfare of the people and the Nation, 

Industrial statesmanship can accomplish more than ‘political states- 
manship in solving the postwar problems of employment, mass pro- 
duction, prosperity, and the continued uplift of the American standard 
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of living, Industry can be the great motive power in the:solution of 
sis peeblectas ‘The future of every American homo and family 
depends upon it. Therefore, it is imporative that after vietory is 
achieved on the battlefields, American industry devote the same all- 
out efforts to the peace that it devoted to the war. ‘There can be no 
Jet-ulown. The problems of peace will be of great magnitude. After 
the devastation of war, mankind will be called upon to win the peace 
and to make that peace secure with happiness for all people. If in~ 
dustrial statesmanship fails in this great opportunity, then the ap- 
proach to the postwar problems necessarily ‘will be political instead. 
of economic, 

America’s cultivation of science has proved the Nation's salvation 
in modern warfare. It must not be otherwise in peace, Pioneering 
and research create wealth and employment. 

Tn considering opportunities for employment after the war we must 
lift our sights to the skies. Man, long confined in his activities to 
the surface of tho earth and beneath the ground, now finds that the 
air is m new dimension, offering new adventures and pioneering by 
wnew generation. The air is a universal chemical and physical Inb- 
oratory in which essential elements for life on earth are created. 
Nature herself makes unlimited use of celestial space for trans: 
mission of light and hoat from the sun. Only in recent: years has 
man learned to use the air. Only now ig he beginning to discover 
its tremendous potentialities, Literally ont of thin nir, chemists are 
reiting new products, physicists ure building new services, while 
man is talking on unseen wayes and fying on invisible beams, 

‘On the surface of the earth, ships and railroads, automobiles and 
industrinl machines have crested millions of jobs. Underground 
coal, oil. and minerals provide employment-for other millions, Above 
the earth aviation and radio, electronics and television can open the 
way for new opportunities in re-employment of war workers and for 
the millions of men and women who will return from service. 

Tt is estimated that 10,000,000 jobs which did not exist in 1940 must 
be found to solve the postwar problem of employment. Ono great 
hope in helping to meot this unprecedented challenge will be found in 
the fertile and unexplored frontiers of space. Scienco, offering new 
incentives, is beckoning capital to yenture into the open skies. We 
are challenged to look upward to our fnture. 

Hornce Greeley, if here today, might say, “Go up, young man, go 
tip and grow up in space.” ‘There, lies the unfathomed “West” of this 
century, with no last frontier; there, lies a vast wilderness rich in 
resources, opportunities, and adventure. ‘The “Forty-ninets™ of the 
present decade will be prospectors in research. ‘They will travel 
through the nir to stake their claims to fume, fortune, and freedom, 
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‘To assure the fall attainment of these results, private industry:and 
the Government must play their parts with the utmost honesty: of 
purpose, encouraging indiyidual and collective initiative, ‘The na- 
tional growth of the United States und its contributions through 
research and invention, are historic proof that traditional American 
cooperation between industry and government. promotes the best 
public interest. 

"Phe role of government in its relationship to labor and industry 
should be that of an umpire, A wise government does not seek to 
favor eithormanagement or labor, It must be impartial, not partisan, 

‘When the war ends, and we enter the immediate period of transi- 
tion, the Government in fairness to both labor and industry must 
readjust its rigid wartime controls. ‘The emergency regulations nec- 
essury in wartime, but not necessary in peacetime, should be reduced 
as speedily as practicable. Elimination of wartime restrictions will 
enable manufacturers to produce and supply the goods needed by the 
Nation, to maintain employment, and to adapt new developments in 
industrial science for the benefit of all people. 

“America must be practical. Science and industry must have 
‘American independance if they are to eueceed in the gigantic tasic of 
reconversion, «¢-omployment, and world rehubilitation. 

Never again can thé United States be isolated and secure within 
its own shores. In the fact that no spot on the globe is farther than 
60 hours’ flying time from any local wirport, is seen the truth that 
nations must liye together sx good neighbors. Shriveled by radio 
und aviation, the new world is 4 single neighborhood, That is not.» 
theoretical concept, It is m fact, 

‘Today man can travel by train from Chicugo to New York in 1 
hours; he can fly in Shours. He saves 12 hours, but itis of no avail 
if he does not tse that time constructively. If people achieve more 
leisure, what are they to do with the newly found hours of freedom? 
‘This is one of the paramount problems that faces the postwar world. 
Recreation and entertainment are vital to a happy life. But to be 
content mun must nlso work. Mere idleness does not produce bap- 
pities or progress. Life is measured by time; it is too fleeting and 
precious to waste, 

Entertainment can be as refreshing as sleep. The brain to gain 
new ideat and to think clearly also must have diversion. In leisure 
some of the greatest dreams of ll time have ‘been born and bave 
grown into revolutionary ideas and inventions. ‘The complete eon- 
ception of the telograph flashed into the mind of Morse while on an 
ocean voyage ‘The idea of wireless flashed into Marconi’s mind 
whils vaeationing in the Alps. Great ideas in science, art, und liters- 
tyne seldom come directly to the workbench; they are relensed at 
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unsuspecting moments when the subconscious mind has opportunity 
to come into its own. 

In broadcasting we have an outstanding example of un ort that ie 
measured by time and linked with opportunity, The listener may 
tuse the hours to good advantage, or he may waste them, It ix the 
use to which he puts his radio set and his freedom in selection of pro- 
grams that reveals the inherent value of broadcasting. ‘The program 
isthe essence, If it brings laughter, if it stimulates thinking, or rests 
the tired mind, or keeps the listener informed and in touch with 
his fellowmen, then radio is an antidote for idleness and loneliness. 

Science is» mighty ally of freedom—its advance has brought such 
release from drudgery and from want. However, we must progress 
still further. For better machines are not all that is needed to make 
a better life. We shall have a better world only to the extent that our 
social thinking and our social progress keep pace with the advance 
of physica! science. 

‘We are approaching the days in this struggle when the basic chal- 
lenge of the postwar years will become sharper and clearer. It is a 
challenge that will ring out to people in all walks of life, to brains 
‘and initiative, to cooperation of government and industry, to Inbor 
and management, to religion and education, ‘The answer will be 
found in the minds and hearts of men and woraen intent upon presery- 
ing civilization and a world at peace. 

Tn this month of Thanksgiving, let us be thankful that America and 
her Allies have the strength and determination to hold high the eternal 
torch of freedom. May the victory be a victory of lusting pence, so 
that out of the bombed and shell-torn earth will come a happier to- 
morrow for all mankind. 








‘THE NEW MICROSCOPES’ 
By RB. Geet. MD, and SM. Bisxanerae Were 
Pailadelphia, Po. 
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It i, to speak conservatively, of extreme interest to review the 
recent progress made by the scientist in his endeavor to penetrate the 
Unseen world of the minute and disease-causing organisms, in particn- 
Ine a world of virusee—suspected, yet lying just beyond the scope of 
human vision and the power of the microscope to reveal; for the Iab- 
oratory research worker, the doctor, the technician long have been 
familiar with the effects of theso unseen enemies they have een culled 
‘upon to treat and to expe with in man, animal, and plant, and while 
their knowledge of the infinitesimal has heen growing steadily, they 
were, until very recently, unable to make the slight step “beyond” 
Grhich would enable them to see.” But today, science is exploring— 
[ooking for the first time upon totally new syorlds through the eyes of 
totally ‘new types of microscopes, microscopes new in principle of 
construction and in principle of illumination, 


‘THE ELECTRON MICROSCOPR 

Ono of these new instruments, the electron microscope, has received 
considernble attention and is now being used extensively in botlt in 
dustrial and medical research. Based on the principles of geometric 
tlectron optics, this microscope utilizes electrons as n source of illumi 
nation instead of the Hight source of the ordinary light microscope. 

Electrons, practically speaking, are the smallest, lightest particles of 
matter and electricity. Like light, they behave like corpuscles guided 
by saves, Unlike light, howaver, they travel in a straight line in a 
tncunm where, subject to the action of electric and magnetic fields, 
their behavior coincides with the Iaws and principles wet down by Sir 
William Hamilton who, more than a century ago, demonstrated the 
‘existence of a close analogy between the path of a light ray through 
refracting ‘medin and that of a particle through conservative folds of 
force. 
‘Wo know that these negatively charged particles, the electrons, re- 
volving about in their various orbits in the atom, serve to maintain the 
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balance of the atom while the nucleus exerts the “positive” force which 
holds it together; and we also know thnt when this balance is upset, 
due to guin or loss of electrons, we think of the atom as “charged,” 
since it is this circumstance which causes the tiny particle to attract or 
repel other electrons according to the state of its unbalance, And 
science has succeeded in unbalancing the atoms to such an appreciable 
extent that the negative electricity may be withdrawn and harnessed 
for use in such instruments ae the electron microscopes. 

The fact has long been established thst atoms are in a constant - 
State of vibration in a heated body and that the greater the heat of the 
body, the greater the agitation of the atoms, According to the electron 
theory of metals, electrons circulate about a three-dimensional network, 
or lattice, of positive ions, some of the electrons being comparatively 
free, that is to say, the attractions of the ions are practically cancelell 
bby the repulsions of the other electrons, It does not necessarily follow, 
however, that the same electrons consistently remain free. They may 
be controlled by the ions eventually, but regardless of this, there is 
always a fixed number of them that are free, Moreover, there 
critical value of speed above which the electrons are able to rise in 
metals: und thus eseupe from their restraining positive charges, though 
at ordinary temperatures the proportion of them moving rapidly 
enough to do this is relatively small. However, as the heat applied 
to the metal is increased, not only is the thermal agitation of the 
electrons increased also, but the proportion among them possessing 
sufficiently high speeds to enable them to louve the metal, 

‘Thus is hoat applied to the electron source of the electron micro- 
‘scope which, in the case of most instruments of this kind, is » tungsten 
filament surrounded by a guard cylinder. After leaving the filament, 
‘or cathoile, the electrons enter an electric ficld wherein are large 
accumulations of charge which serve to speed up steadily the motion 
of these freely moving particles, Since the electrons travel in yactia, 
none of the kinetic energy gained in crossing the field is lost, the total 
Kinetio energy, or energy of motion, gained in passing through this 
region being proportional to the voltage applied. We may deduco, 
therefore, that since increase of charge in an electric ficld means a 
proportional increase of kinetic energy of these electrons, the higher 
the voltage applied, the grester the speed of the electrons—all of 
which has been calculated mathematically and confirmed experi- 
‘mentally. 

After traversing the electric field and passing through the anode, 
the electrons are concentrated on the specimen under examination by 
the first of three magnetic fields which are created by currents flowing 
through coils enclosed in soft iron shields, molded so as to concentrate 
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themagnetic fields on n short section of the microscope's axis. Whereas 
in the ordinary light microscope glass lenses serve ns tho refractive 
media through which light rays are: deflected, in the: electron microscope 
it is those magnetic fields of rotational symmetry which are the refrac 
tive media and serve-as the “lenses” which deflect the beams of 
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cleetrons, ‘Tho first of these, the condenser lens oil, corresponding to 
the substage condenser of the ordinary light microscope, concentrates 
the ben of electrons upan the specimen. ‘The convergence of the 
beam falling on the specimen is eontrolled by varying the current 
through this cuidenser lens. Now, having passed through the speci- 
ren, the objective coil, similar in effect to the objective lens, focuses 
the electron, and an intermediate inuige enlarged about 100 diameters 
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is formed, Finally, the projection coil, corresponding to the projec- 
tion lens or ocular, produces a further magnified image on a large 
fluorescent screen. In some of the electron microscopes, there is a 
periscope-like attachment by means of which it is possible to locate 
and adjust for study the most interesting portion of the specimen, or 
that which it is desired should be examined, before the projection Jens 


times dificult to accomplish this at high magnification. Also, if it 
ig desired that photographic record be made, the sereen can be 
removed and a photographic plate substituted, 

‘The specimen itself is supported on a thin nitrocellulose membrane 
Jess than one-millionth of an inch thick, and clamped in the tip of » 
cartridge which is inserted between the pole pieces of the objective coil. 
‘The membrane is suspended across the opening of a fine-mesh screen, 
and a plate, serving as the movable stage, supports the cartridge. The 
image is projected onto the sereen according to the density and atomic 
weight of the specimen. In other words, whereas in the ordinary light 
microscope the image is seen because of refraction of the specimen or 
differences in absorption, in the electron microscope the image is seen 
through scattering of the electrons, and since electrons travel in a 
straight line ina vacuum, it stands to reason that even a fairly thin 
specimen will prove sufficient to deflect such particles. Electrons 
which strike a thick or solid portion of the specimen will, of course, 
not continue on in « straight line to the screen but will be either com- 
pletely absorbed by the <pecimen or scattered too far out of the beam, 
‘thus failing to enter the narrow aperture of the objective, so that that 
portion of the screen corresponding to the thick portion of the specimen 
will remain dark. However, those electrons which are able to escape 
‘complete ubsorption or too great deflection, because they do not happen 
to come in contact with too solid s portion of the specimen and either 
pass along on all sides of it or penetrate the thinner portions where it 
is possible they muy encounter only a single heavy nucleus for consider- 
able scattering (the angle of deflection being proportianal to the 
square root of the thickness), continue on to the screen where they im- 
pinge and cause the chemically treated screen to fluoresce, thus provid= 
ing « study in light and shadow. If the atoms of a particular sub- 
stance are heavy, they will also deflect more electrons than if they were 
light. It may be readily seen, therefore, that the thinner the specimen 
and its mounting, or the greater the variations in density of the speci- 
men, the more internal structure and detail which may be seen, since 
‘too great density tends to absorb or interrupt the straight-line progress 
‘of too many of the electrons. 

Focusing of the image is accomplished by varying the strength 
of the fields and thereby altering the focal length of the “lens” coils at 
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will, so that the need of changing the specimen's position. in relation 
to n fixed optical system, as would be the case with an ordinary light 
microscope, is avoided. ‘Thus, magnifieation in an electron micro- 
scope eat be continuously varied. 

‘Some specimetia may be mounted directiy om tho fine-mesh screen 
while others may be embedded in collodion, sealed between films of 
collodion, or suspended in « gelatin film, itself supported on collodion 
film, ‘The supporting films beside being very thin nmst be homo- 
geneous lest an urtifact: be created. For the most part, no staining 
of bacteriological specimens is done since ‘usually they exhibit euffi- 
tently high contrast in density to reveal readily flagella and other de- 
tail without any preparation except that of suspending the specimen in 
distilled water or other liquid und allowing a drop of the suspension 
to dry on the film surface, which method is also utilized for specimens: 
of colloidal particles, pigments, and other chemical preparations. “At 
times, however, as Dr. L. Marton, of Stanford University, las men- 
tioned in his urticle on the electron microscope (written for The Jonr- 
nal of Bacteriology, March 1941, when he was associated with the 
B.C. A. Research Laboratories) , virus particles may show decided low 
contrast, One method which Dr. Marton mentioned for overcoming: 
this is to obtain a number of electron micrographs at various focuses 
and imply aélect the best one for study, Or the virus may be per- 
titted to absorb colloidal gold which would result in an image of high 
continst, Dr. Marton points out that there may be future need for « 
Staining in density and that already osmic acid has been tried and used 
for this purpose, 

‘In this microscope, voltages of between 30,000 and 60,000 are used. 
Tt has been previously stated that the higher the voltage, the greater 
the apoed of the electrons. This might now be augmented ta rent, 
the higher the voltage, the greater the speed of electrons; hence, the 
shorter the wave length. An explanation of this may be appronchod 
throngh « brief discussion of short-wave diffraction as considered by 
Dr. Karl K. Darrow, of Bell Laboratories, in his book, “Tho Renais- 
sance of Physics.” In order to obtain convenient angles of refraction 
with the ordinary diffraction grating, it is necessary that the wave 
Tengths of light be smaller, but not many times smaller, than the spac- 
ing betwveen the wires or grooves. Naturally, a limit of measurement 
ig renched in the region of ultraviolet light since it is impossible to 
essen further the spacing of these gratings. However, this limitation 
‘was overcome when yon Laue conesived the iden of substituting « 
crystal for an artificial geating since the atoms in crystal are 
thousand times more closely set together than are the wires or grooves 
of n grating and ure arranged in precise regular order or “{attioes,” 
and; like gratings, are unable to diffract waves which are Tonger than 
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the spacings between their atoms. Von Laue suggested that if a beam 
of light were directed across a crystal and made to strike a photo- 
graphic plate, there would appear a spray of narrow rays each com- 
posed of n single wave train instead of the broad fanlike arrange 
ment of the grating, and a pattern of starlike spots where the rays 
come in contact with the plate instead of the dark irregular blot 
whon a grating is used, Of course, the rays are disposed. according 
to the spacings of tho atoms in the lattice and according to the char- 
acter of the lattice. Von Laue confirmed this dea for waves short 
enough to be so diffracted and then advanced the theory that this 
principle might hold true for X-rays as well, which theory was almost 
tely confirmed by Friedrich and Knipping. Shortly after 
Schroedinger begun to develop De Broglic's wave theory of electrons, 
Blsasser concvived the idea that possibly these tiny particles might 
also be diffrneted by crystals, and Doetars Davisson and Germer, of the 
Bell Telephone Research Laboratories, using as part of their appara- 
tus an electron gun, set out to test and to prove this theory, Due to 
their experiments and those of G, P, Thomson, it was established 
beyond « doubt that electron beams ure diffracted just as are X-ray 
beams. However, it was also demonstrated in the course of these ex- 
periments that electrons of slow speeds und feeble kinetic energies are 
unable to penetrate the crystals, It was Thomson who utilized faster 
electrons tind demonstrated that not only are electrons diffracted like 
X-rays, but like X-rays also they make an imprint upon x photographic 
plte at increased speeds, These three men, together with others, then 
measured the wave lengths which they compared with the momenta 
of these electrons by their diffraction. To these experiments and 
‘measurements were then applied the following rules of correlation: 
“Energy (£) is proportional to frequency (v), and momentum (p) is 
inyersely proportional to wavelength (Jambda), the same constant (A) 
appenting in both relations, (Frequency is interpreted as the velocity: 
(F) of the waves divided by their wayelength.)” ‘These rules ean be 
applied mathematically to the electron microscope to illustrate better 
the principles of its operation. In making use of the first rule, how- 
ever, it is necessary to substitute “voltage” for “frequency,” and in so 
doing, therefore, the rules of correlation explain the increase of energy 
in relation to the increase of voltage as well as the increase of speed of 
electrons in relation to the decrease or shortening of wave length when 
‘we say the higher the voltage, the greater the speed ; hence, the shorter 
the wave length of electrons, It is interesting to note in passing that 
a 150-volt electron has « wave length of one Angetrom unit, this being: 
‘more than 10+ times smaller than the wave length of visible or 
ultraviolet light, 
Because the wava lengths utilized in an electron microscope are 
much shorter (han those employed in an ordinary Tight seins 
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itis possible to obtain greatly increased resolution and magnification. 
‘Asn matter of fact, resolution up to 20,000 or 25,000 diameters may be 
realized, nnd increased magnifications beyond this point up to 100,000, 
even 200,000 diameters, ean be obtained, such magnifications, however, 
constituting enlargement of the image. (Definitions of “resolution” 
tnd “magnification” discussed under “The Ordinary Microscope") 
‘This high magnification is greatly. desirable’since otherwise the eye 
srould be unable to distinguish the fine detail of internal structure at 
resolution of the order of 25,000. Asa result of this increase in reso~ 
Intian and magnification over that of the ordinary light microscope 
which is between 1,600 and 2,500 diameters and in the ultramicroseope 
between 2,500 and §,000 diameters, many surface cells and much intri- 
cate internal wtructure hitherto unsuspected, or at least undetected by 
ordinary microscopes, have been revealed, To cite a few examples: 

‘The streptococcal cells appenr, ot as individual cells, that is, sepa- 
rate and apart from one another, but as chainlike groups, the cells in 
each chain boing bound together apparently by the strang rigid mem- 
iran or outer cellular wall which extends over n number of these cells 
and which is so plainly evident under the electron microscope. Sub- 
jected to sonic vibration, these cells suffer u loss of protoplasmic mate- 
Hial from their interior, eausing them to become mere “ghost” cells, 
which makes them more transparent to electron beams. ‘That there 
existe considerable difference between the surface structure and in- 
ternal composition of these cells has also heen determined and 
demonstrated. 

‘Using the electron microscope, Dr. Harry B. Morton, of the depart 
ment of bacteriology of the University of Pennsylvania Medical 
School, and Dr. Thomas, F, Anderson, of R. C. A. Research Labora 
tories wero able to demonstrate that in t-least one instance where 
chemical reaction is induced by bacterin this reaction takes place 
4inside” tho cells, The fact that diphtheria bacilli reduce potassin 
tellurit to metallic tellurium hos heen known for some time, but 
whether this reaction occurred inside the cell or on the cell surface 
or both had never been definitely shown unti} the electron microscope 
wus made available. Then, obtaining unstained preparations of 
Corynebacterium diphtheriae grown on blood infusion gary Des. 
Morton and Anderson demonstrated that the typical polar granules 
uppear 4# denie spherical masses, or possibly plates, of m very black 
color nnd that in tnstained preparations of this snme Corynebacterium 
diphtheriae grown on potassium tellurite chocolate agar, not only the 
polar granules are in evidence but also the tiny needlolike crystals 
ingide the cell which disappear along with the black eolor of the ell 
‘masses when « drop of bromine water is added to 1 ce. of n suspension 
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of the cells on potassium tellurite chocolate agar, From this the 
experimenters were able to dedues that tellurium metal occurs in the 
form of needles and is the cause of the black color, und that this reac- 
tion occurs within the cells since the crystals have never been observed 
to lie totally outside the cell wall, although at times there is some 
distortion of the wall. 

‘The electron microscope also affords such study and observation 
as that carried out by Dr. W. M. Stanley, of the Rockefeller Institute 
of Medical Research, and Dr. Thomas F. Anderson in their recent 
investigation of plant viruses, By means of electron micrographs, 
they were able to judge the exuct manner and extent of attack made 
‘on the tobacco mosaic virus by the protein antibodies in the blood 
stream of rabbits in which an artificial immunity to the virus had been 
produced. 

Structures like that of the spirochete of Weil’s disease, typhoid 
Magella, unusual internal structure of pertussis organisms, tubercle 
bacilli, the isolation and recognition of the influenza virus, the spores 
of trychophyton mentagrophytes, Spirochaeta pallida with its secom- 
panying flagellar appendages, and colloidal particles are but a few 
of the interesting revelations of the electron microscope for medical 
science. Industrial science, too, has found this new research tool of 
great value in the study of metals, alloys, and plastics, as well as in 
the study of size, shape, and distribution of particles in chemical eam- 
pounds and elements. 

‘The electron microscope herein described is that, manufactured by. 
the Radio Corporation of America, There are, of course, variations 
in construction of the different instruments of this kind but all types 
are built along similar lines and upon the sume general principles. 
In the electron microscope there is some aberration plus the additional 
disadvantages of having the specimen in a vacuum, not to mention the 
probable protoplasmic changes indueed by the terrific bombardment 
of electrons, und finally, what is perhaps the greatest disadvantage 
insofar as medical science is concerned—that of being unable to view 
living organisms, Nevertheless, the disadvantages of the microscope 
are far overshadowed by its increased resolving and magnification 
powers which have combined to make it an invaluable research tool. 


RESOLUTION AND MAGNIFICATION OF ORDINARY MICROSCOPE: 


‘We have stated that the resolving power of the ordinary Tight 
microscope is restricted to between 1,600 and 2,500 diameters and 
that of the ordinary ultramicroscope to between 2,500 and 6,000 
diameters, resolution in any microscope being the ubility of 
strument to reveal the most minute of component parts of a speci 
60 that each may be seen asa distinet and separate image. For in- 
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stunce, let us suppose an object is examined through which ran two 
‘very fine parallel lines closaly set together, If the two lines ure visible 
under the microscope and are revealed as two separate images, then, 
apparently, no limit of resolution has been reached; but if the two 
fines are merged or revealed ax only one, and upon further magnifica 
tion the image merely becomes enlarged without separation of the 
Uines, then a limit of resolution apparently has been reached and ad- 
ditional magnification would constitute only enlargement. Assam- 
ing now that the object is a point object in which case the images of 
the points would be diffraction disks, the disks should likewise be 
sufficiently resolved go that each may be distinguished as a single 
image, If, when these disks are seen to overlap, ndditionsl magnifica- 
tion fails to extend the distance between them, their size simply in- 
¢reasing in proportion to the increase of magnification, or, if they are 
all but completely merged and the image becoines just « spurious disk 
of light, it is evident that definite limit of resolution has been at- 
tained and that further magnification would be useless. Resolution, 
inn broad sense, then, is the ability of the microscope to bring out or 
reveal internal structure and detail of u specimen, the shortest dis- 
tance it is possible to sepsrate two component parts, according to 
Abbe, being not less than the wave length of light by which the 

‘imen is illuminated divided by the numerical aperture of the 
objective long plus the numerical aperture of the condenser lens, or 
about one-third the wave length of light utilized. 

‘The several factors which are generally acknowledged to be re- 
sponsible for the limitation of resolving power are interrelated. Now 
when light pasies from one medium into another of different density— 
in the instance which we are considering that of light refracted by the 
specimen and passing from nir into gluss—the light rays ure deviated 
from their straight-line course; that is to say, when they come to 
within a very short distance of this denser medium, they are acted upon 
by a very powerful force in such» manner that they execute « short, 
rapidly curving motion, or an angle, and are pulled into the medium of 
greater density. When the rays of light undergo such » force, the 
momentum of the corpuscles ia increased and the speed of the waves 
decreased, resulting, of course, in n shortening of the waye lengths, 
‘Here, again, we may make use of the second of the rules of correlation— 
“Momentun (of corpuscles) varies inversely as wavelength (of 
waves). Once well inside the new medium, however, the light rays 
straighten themselves out ugain (unless the medium is so constructed 
that it possesses gradation of density, in which case they follow a curved 
path). ‘They do this in spite of the fact that the sume forces aro still 
acting upon them, although now these forces issue from all sides of 
them and so cancel exch other out, the momentum of the photons or 
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light corpuscles continuing to increase while the speed of the waves ix 
proportionately retarded, If the light is refracted normally to the 
surface, however, it does not bend, but tends to cause « shortening of 
the optical path although the wave length is shortened regardless, Th 
is only when it is refracted obliquely to the surface that the light is 
bent, the greater the obliquity of the incident ray and the denser 
the medium, the greater the bending of the angle of the cone of light 
und the shorter the wave length. It might therefore seem desirable to 
obtain as great an angle of refraction as possitile. “However, shorten- 
ing of the wavo length is not. in exact proportion to the amount of 
bending except in the case of the diffraction grating, And regurdless 
of how great a change thero is in its ungle, the numerical aperture of 
the light, or angular aperture as it is more properly called, remains 
constant. 

In onier, then, that the cone of light: be large enough to supply the 
aperture of the objective with sullicient light to produce an accurate, 
bright, and enlarged image of the specimen, it is first necessary that 
the specimen be refracting or emitting light of an adequate quantity, 
since both magnification and resolution are largely dependent upon the 
amount of light which the objective utilizes and receives into the tube 
of the microscope and sinice such light as the objective does receive 
should be only that emitted by the specimen. It is obvious, therefore, 
that it is of primary importance for the specimen itself to be amply 
iluminated. This would seem to depend entirely on the actual light 
source, yet no matter how powerful a light eouree is employed, it is of 
little avail uniess the condenser is of sufficient quality and aperture 
dimensions to accommodate the light which it receives from the source, 
If, for instance, the numerical aperture of the objective is 125, the 
‘width of the cone of light emanating from the spetimen should com- 
pletely Gill this nperture in order for the fullest powers of the micro- 
scope to be realized, Now, since the condenser supplies the light to the 
specimen, it stands to reason that it, also, should have a numerical 
aperture of nt least 1.25, However, if the condenser and specimen 
slide are separated by air, the condenser ean provide light of only 
LOO, A. to the specimen since, according to « law of optics, no aper- 
ture greater than 1,00 N. A. (this being the refractive index of air), 
can puss from a denser medium into air. ‘To remedy this situation, 
an immersion fluid is placed between the top of the condenser and the 
lower side of the specimen slide us well as between the specimon and 
the objective lens, 

Since no optical medium his an index of refraction greater than 
3 and no immersion fluid an index of refraction greater than 17, to 
inctense resolving power further, then, might it not be feasible to 
widen the apertures of the objective and condenser Jouses, thus ufford- 
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ing additional illumination for utilization by both specimen and objec- 
tivel This idea would be entirely practical except for the fact that 
such enlargement of the lenses would inorease aberration, both spher- 
ical and chromatic, and apparently present-day lonses are now ashighly 
corrected us it is possible for human ingenuity and skillful workman: 
ship tomake them, Spherical aberration, caused by the parnxial rays 
coming to focus at the center of the lens before those rays near the 
principal axis, ix corrected by using concive and convex lenses of 
different material and, consequently, of different refractive index. In 
this manner spherical aberration of a convex lens, for instance, can be 
overcome, without its converging action being altered, by adding to 
the optical system a concuve lens in which there is an equal and oppo- 
site aberration. Chromatic aberration, occurring when more than 
‘ons wave length of light is used to illuminate the specimen, is duo tothe 
fuct thnt the shortest waves of the spectrum are refracted most and 
the longest waves lenst, thus causing the blue-violet waves to come to 
n focus ahead of the red Waves and resulting in n series of colored foci 
all ulong the axis. Now since, as we have said, the shortening of the 
different groups of wave lengths is not in exact proportion to their 
bonding and since this circumstance varies according to the substance 
the light rays pass through, it is possible to combine Iensés or lens 
systems in such a way that white light maybe obtained. For instance, 
‘a small concave flint-glass prism produces the sume amount. of dis- 
persion as large convex crown-glass prism. ‘Thus, if these two prisms 
are placed with their edges opposite, the crown glass will bring together 
the spectrum produced by the flint glass and white light will be the 
restilt, However, the rays of white light will not extend parallel with 
the original direction but will bend toward the base of the erown glase 
since the mean refraction of the erown glass is greater than that of the 
flint glass, Achromatic objectives, corrected spherically: for one color, 
chromatically for twa; seminpochromatic objectives, possessing moder- 
tite refractive indices and very small dispersion, in which a lens of 
fluorite is suibstituted for one of the glass lenses; apochromatic objec 
tives, corrected spherically for two colors, chromaticnlly for three; anid 
also certain monochromatic lenses for use with light of one ware 
length only are available for overcoming, at least in part, one of the 
conditions which tends to interfere with better resolution. Con- 
densers, also, can be corrected for both spherical and chromatic aber- 
ration and must be achromatic-nplanatic if the light which enters the 
objective is to come only from the specimen, for condensers with spher- 
ical and chromatic aberration are unable to direct their entire cone of 
light upon the specimen, 

Tn addition to being as highly corrected as possible and possessing a 
large numerical aperture, an objective should also be capable of ade- 
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juitely magnifying the image, being aided in this by the ocular which 
Saseiienst times to compensate for the defects in chromatic magnifi- 
cation which cannot be managed conveniently by high-power objec- 
tives, the magnification of the final image being the product of the 
anagnification of the objective multiplied by the magnification of the 
ocular. An amplifier is sometimes inserted between the objective and 
ocular which causes the rays of light from the objective to diverge to 
& greater extent, thus doubling tho size of the image. Magnification 
may also be improved by increasing the tube length, by increasing the 
distance from which the image is projected, and by altering the posi- 
tions of the various lenses in an adjustable objective. In general, the 
greater the magnification, the smaller will be the specimen field, but, 
as has been stressed, high powers of magnification should always be 
accompanied by equally high powers of resolution, 

As we huve seen, resolution in the ordinary light microscope is 
definitely restricted by a number of interrelated elements, Even when 
monochromatic light is employed, there is always present some spheri- 
cal aberration with which to contend. ‘True, better visibility of speci 
mens is provided by dark-field microscopy in which the specimen is 
viewed by the high contrast. of its own. scattered or reflected light 
against a dark field, although in this type of itlumination objects in 
the field must be well separated. Mnch fine detail and brilliant color 
of specimens can be observed by means of the polarization of light, 
Further, it is possible to illuminate the specimen with shorter and 
shorter wave lengths of light, the shorter the wave length of light nsed, 
the more of the fine detail of the specimen which can be seen, but a 
innit is reached here, also, for ordinary glass lenses ure not transparent 
to ultraviolet rays. However, in the ultraviolet microscope, having a 
resolution twica thnt of the instruments using “visible tight,” the can- 
denser, objective, and ocular are nll made of quartz and, by substituting 
the photographic plate for direct observation, many excellent micro- 
graphs of numerous varieties of organisms and cellular structures can 
be made. But when viewed directly, nothing of the nature or struc- 
ture of the specimen can be wscertained; only the light scattered by the 
specimen is distinguishable, the size of the specimen being roughly 
estimated by the amount of light refracted, 

‘These seemingly unsurmountable obstacles of the ordinary micros 
scopes would appear to indieate that Abbe's Inw and the contention of 
physiciste that “any object which is smaller than one-half tha wave 
Jength of light by which it is illuminated cannot be seen in its true form 
or detail” are destined to remain undefied, 


REDUCTION IN THEORETICAL LIMIT OF RESOLUTION DEMONSTRATED 


But Dr, Francis F, Lucas, of the Bell Telephone Research Labora- 
tories, and Drs, Louis Cary! Graton and B.C. Dane, Jr., of the depart- 
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ment of geology, Harvard University, have very convincingly demon- 
strated a reduction in these theoretical limits of resolution and visibility 
with their instruments, designed for use in the visible light region of 
the 


spectrum. ‘ 
‘The Graton-Dane microscope is mounted on a 360-kg. steel founda- 
tion bed which, in turn, is supported by six rubber-in-sheer marine- 
engine mountings—this for the purpose of eliminating all vibration 
and insuring stability of parts, two factors upon which both men have 
Jnid great stress, Any type source, such as the carbon ure, metallic are, 
incandescent filament, Point-O-Lite, mercury vapor, or any of the 
special forms of monochromators, can be used for illuminating the 
specimen with direct and dark-fisld transmitted, vertical and oblique 
reflected, or polarized light. ‘The image boum itself follows a straight- 
line path in passing from the objective, the objective ranging anywhere 
from the shortest to the greatest in working distance, through the tube 
to the ocular, ns ferr lenses as possible being placed in its way, The 
spiral-cut rack and pinion which moves the stage and substage assem- 
bly in longitudinal tracks or guides can be operated by hand or by an 
electric motor and is independent of the fine adjustment, also motor- 
driven, which moves only the objective and the carriage carrying the 
‘objective, Whereas manual operation of the fine adjustment which is 
100 times more sensitive than that of the ordinary instruments neces- 
sitstes 500 turns of the knob to move the objective a distance of but 
1 millimeter (an adjustment calculated to require a time period of 
26 minutes), by means of the motor it is possible to move the objective 
‘at the rate of 0.01 mm, per second or 0.004 mm. per second, depanding 
upon which of the two speeds is desired, rapid motion being used when 
the image appears considerably out of focus and decreased speed being 
used when the image seems to be reaching « point of perfection? 
Resolution up to 6,000 diameters and magnification up to 60,000 
diameters have been achieved with this high-precision microscope 
which photographs or enables observation of both opaque and trans- 
parent preparations; in fuct, polishing scratches measuring in width 
bat one-tenth the wave length of light used have been clearly distin- 
imechaniem governing the Moe aiatment was completely rodeaigued after It was 
corre tat Casi ihe brea aid ty re trv tnd caring hen, 
verlauny affcte the preston of the lustrunient. Using & prlactoie anerrated 
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guished, It is the opinion of both Dr. Graton and Dr, Dane that 
some present-day lenses are really capable of better resolution than 
claimed for them by their manufacturers, it having been their expori- 
unce to use objectives exhibiting superior qualities of resolution over 
those of identical medium and numerical aperture, proving that not 
only have already available lenses surpassed their theoretical limits of 
resolution, indicating that it might be possible to design objectives 
with still greater numerical apertures, but that the accepted theory 
regarding this resolution is sadly in need of revision, Dr. Lucas's 
microscope utilizing an objective with a numerical aperture af 1.00, for 
instunce, in combination with monobromnaphalene immersion fluid, 
also yields resolution up to 6,000 diameters being, like the Graton- 
Dane scope, a high-precision instrument constructed with the idea of 
maintaining absolute stability of parte. Dr, Lucas also has expressed 
doubt us to the complete validity of the generally accepted theory of 
resolution, 

In working with a high-precision ultraviolet microcamora, into 
which a tricolor filter system has been incorporated, which he has just 
recently perfected, Dr. Lucas is able to obtain a minimum magnitiea- 
tion of 20,000 diameters and a maximum magnification af 60,000 diam- 
eters. With this instrument it is possible to view living cells and 
organiams, no staining ot killing of orgunisms being necessary, and 
Dr. nens has succeeded in obtaining excellent photomicrographs 
(both still and motion pictures). Of special significance to industry, 
for instance, is the ability of this seope to demonstrate the size, shape, 
und reactions in motion and adinity of the tiny particles of which 
rubber is composed under varying conditions of temperature, etc., 
while its ability to reveal living rat and mouse sarcoma and carcinotmi 
cells and to demonstrate the development and behavior of the syphilitic 
orgunisin is of far more than average interest to medical science. 

England's Dr. J. E. Barnard has succeeded in obtaining resolution 
up to 7,600 diameters with his ultra-dark-field scope in which le uses & 
combined illuminator, In this, an outer system of glass ucts as the 
immersion dark-field illuminator while the inner immersion system of 
quartz males possible the passage of a transmitted beam of light 
through the specimen. Both condensers have the sume focus, one for 
visible light, the other for ultraviolet radiation, and both can be 
stopped out nt will. When, for instance, bacteria are being observed, 
fminersion contact is made betwoen the condenser and quarts slide, 
the dark-field illuminator being used, thus revealing the bacterin with 
visible light. When the dark-feld illuminutor is closed, however, a 
beam of ultraviolet light may be directed up through the quartz cone 
denser and focused an the bacteria. ‘The object-zlass, of course, hits 
to be adjusted since it does not possess the sume focus for ultraviolet 








NEW MICROSCOFES—SEIDEL AND WINTER 207 


thnt-it does for visible fight. Staining of specimmns is thus unneces- 
sary, making it possible to secure photomicrographs of living minute 
organisms. 

In addition to these four microscopes, m fourth, belonging to the 

Canadian Department of Mines and located at Ottawa, and almost 
identical in principle and construction to that of Drs. Dane and 
Graton, has demonstrated wbility to attain oqually high revolution, 
This, like the scopes of Drs. Dane, Graton, and Lueas, iv fitted 
with a tube for visual observation although intended muinly, for 
microphotographical work in the field of metallurgy. It is Dr. 
Graton’s belief, however, that his instrument and that of Dr, Dino 
might alvo be adaptable to the purposes of biological resarch. Re- 
ferting, in the description of their “Precision, All Purpose Micro: 
camera” (Journ, Opt. Soe. Amer:), to the necessity or “desirability” of 
“rodxamining the classical conception of the limit of useful magnifi- 
ation,” Drs. Dane and Graton have this to say: 
So long as the makers accepted the conventional litmit we valld and had already 
talned tt, there meus te Heentive towant prageem. Hut with that Uglt 
Inperenily surpanmd, there Is no prewit knowlege as to how far ahend the 
trou Limlt may Iie. Tf present-day objectives do substantially better than the 
“Limit” for which they were designed, Is {t not reawonable to suppose hat effort 
to do better atl may coboctvabiy bo rewerdnt? 

‘To such an inquiry there can be but ona logical answer—an agree- 
ment which, while perhaps not concurred in by all, must, for those 
stimulated to more intense interest and effort by the possibilities of 
uncovering new facts, pose further questions; for, if the improvement 
of one part results in the improved performance of the whole, is it not 
‘also reasonable to suppose that additional changes of additional parts, 
‘yes, even changes with respect to principle and method might likewise 
bear fruit 








TH UNIVERSAL ALLCROSCOPE 


It in not only w reasounlle supposition, but already, in one instance, 
A very successful rind highly commendable achievement an the part of 
Dr. Royal Raymond Rife of San Diego, Calif., who, for many years, 
has built and worked with light microscopes which far surpass the 
theoretical limitations of the ordinary varioty of instrument, all the 
Rife scopes possessing suporior ability to attain high magnification 
with accompanying high resolution, ‘The largest and snast powerful 
of these, the universal inicroseope, developed in 1983, consists of 9,082 
parts and is s0 called becanse of its adaptability in all fields of miero- 
scopical work, being fully equipped with separate mbstage condensir 
units for transmitted and monochromatic beam, dark-fold, polarized, 
and slit-ultra illumination, including also n special device for erystal- 
lography. ‘Tho entire optical system of lenses and prisms as well us 
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the illuminating units are made of block-crystal quartz, quarts being 
especially transparent to ultraviolet radiations. 

‘The illuminating unit nsed for examining the filterable forms of 
disease organisms contains 14 lenses and prisms, 3 of which are in the 
high-intensity ineandescent lamp, 4 in the Risley prism, and 7 in the 
achromatic condenser which, incidentally, has » numerical aperture 
of 1.40, Between the source of light and the specimen are subtended 
two circular, wedge-shaped, block-crystal quartz prisms for the pur- 
pose of polarizing the light passing through the specimen, polarization 
being the practical application of the theory that light waves vibrate in 
all planes perpendicular to the direction in which they are propagated. 
‘Therefore, when light comes into contact with a polarizing prism, it 
is divided or split into two beams, one of which is refracted to such an. 
extent that it is reflected to the side of the prism without, of course, 
passing through the prism while the second ray, bent considerably tess, 
is thus enabled to pass through the prism to illuminate the specimen. 
‘When the quartz prisms on the universal microseope, which may be 
rotated with vernier control through 360°, are rotated in opposite 
directions, they serve to bend the transmitted beams of light nt variable 
angles of incidence while, at the same time, a spectrum is projected 
up into the axis of the microscope, or rather « small portion of a spee- 
trum since only a part of a band of color is visible at any one time. 
‘However, it is possible to proceed in this way from one end of the spee- 
trom to the other, going all the way from the infrared to the ultra- 
violet. Now, when that portion of the spectrum is reached in which 
both the organism and the color band vibrate in exact accord, one with: 
the other, a definite characteristic spectrum is emitted by the organism. 
In tho case of the filter-passing form of the Bacillus typhosus, for 
instance, » blue spectrum is emitted and the plane of polarization 
deviated plus 48°. The predominating chemical constituents of the 
organism are next ascertained after which the quarts prisms are ad- 
justed or ent, by means of vernier control, to minus 4.8° (again in the 
‘ease of the filter-passing form of the Bacillus typhosus) so that the 
opposite angle of refraction may be obtained. A monochromat 
beam of light, corresponding exactly to the frequency of the organism 
(for Dr. Rife hus found that each disease organism responds to and 
has a definite and distinct wave length, a fact confirmed by British 
medical research workers) is then sent up through the specimen and 
the direct transmitted light, thus enabling the observer to view the 
organism stained in its true chemical color and revealing its own 
individual structure in a field which is brillinnt with light, 

‘The objectives used on the universal microscope are i 1.12 dry lens, 
8.1.16 water immersion, n 1.18 oil immersion, and a 1295 oil immersion, 
‘The rays of light refracted by the specimen enter the objective and are 
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then carried up the tube in parallel rays through 21 light bends to the 
ceular, u tolerance of less than one wave length of visible light only 
being permitted in the core beam, or chiof ray, of illumination. Now, 
instead of the light rays starting up the tube in a parullel fashion, 
tending to converge as they rise higher and finally crossing each other, 
arriving at the ocular separated by considerable distance as would be 
the case with an ordinary microscope, in the universal tube the rays 
also start their rise parallel to each other but, just as they are about to 
cross, @ specially designed quartz prism is insorted whiich serves to 
pull them out parallel again, another prism being inserted each time 
the rays are about ready to cross. ‘These prisms, inserted in the tube, 
which are adjusted and held in alignment by micrometer screws of 100 
threads to the inch in special tracks made of magnelium (magnefium 
haying the closest cooffcient of expansion of any metal to quartz), are 
separated by s distance of only 20 millimeters, Thus, the greatest 
distance that the image in the universal is projected through any one 
media, either quartz or air, is 80 millimeters instead of the 160, 180, 
or 100 millimeters as in the empty or air-filled tube of an ordinary 
microscope, the (otal distance which the light rays travel zigzag fashion 
through the universal tube being 449 millimeters, although the physical 
length of the tube itself is 220 millimeters, Tt will be recalled that if 
one pierces a black strip of paper or cardboard with the point of a 
needle and then brings the card up close to the eye so that the hole is 
in tho optio axis, a small brilliantly lighted object will appear larger 
and clearer, revealing more fine detail, than if it were viewed from the 
same distance without the assistance of the card, This is explained 
by the fact that the beam of light passing through the eard is very 
narrow, the rays entering the eye, therefore, being practically parallel, 
whereas without the card the beam of light is much wider and the 
diffusion cireles much larger. It is this principle of parallel rays in 
the universal microscope and the resultant shortening of projection 
distance between any two blocks or prisms plus the fact that objectives 
can thus be substituted for oculars, these “ocalars” being three matched 
pairs of 10-millimeter, 7-millimeter, und 4-millimeter objectives in 
short mounts, which make possible not only the unusually high muag- 
nification and resolution but which serve to eliminate all distortion as 
well as all chromatic and spherieal aberration. 

Quartz slides with especially thin quartz cover glasses are used when 
tissue section or culture slant is examined, the tissue section itself nlso 
being very thin, An additional observational tube and ocular which 
yield s magnification of 1,800 diamoters are provided so that that por- 
tion of the specimen which it is desired should be-examined may be 
Jocated and so thut the observer can adjust himself more readily-when 
viewing « section at a high magnification. 
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the illuminating units are made of block-crystal quarts, quartz being 
ially transparent to ultraviolet radiations. 

‘The illuminating unit used for examining the filterable forms of 
disease organisms contains 14 lenges and prisms, § of which are in the 
high-intensity incandescent lamp, 4 in the Risley prism, and 7 in the 
achromatic condenser which, incidentally, has a numerical aperture 
of 1.40. Between the source of light and the specimen are subtended 
twe cireular, wedge-shaped, block-crystal quartz prisms for the pur- 
pose of polarizing the light passing through the specimen, polarization 
being the practical application of the theory that light waves vibrate in 
ull planes perpendicular to the direction in which they are propagated, 
‘Therefore, when light comes into contact with » polarizing prism, it 
is divided or split into two beams, one of which is refracted to such an 
‘extent that it is reflected to the sido of the prism without, of course, 
passing through the prism while the second ray, bent considerably less, 
is thus enabled to pass throngh the prism to illuminate the specimen. 
‘When the quartz prisms on the universal microscope, which may be 
rotated with vernier control through 360°, are rotated in opposite 
directions, they serve to bend the transmitted beams of light nt variable 
angles of incidence while, at the same time, a spectrum is projected 
up into the axis of the microscope, or rather a emall portion of a spec- 
trum since only a part of x band of color is visible at any one time. 
‘However, it is possible to proceed in this way from one end of the spee- 
trum to the other, going all the way from the infrared to the ultra 
violet. Now, when that portion of the spectrum is reached in which 
both the organism and the color band vibrate in exact accord, one with 
the other, a definite characteristic spectrum is emitted by the organism. 
In the case of the filter-passing form of the Bacillus typhosus, for 
instance, a blue spectrum is emitted and the plane of polarization 
devinted plus 48°. The predominating chemical constituents of the 
organism are next ascertained after which the quartz prisms are ad- 
justed or sot, by means of vernier control, to minus 4.8° (again in the 
case of the filter-passing form of the Bacillus typhorus) so that tho 
opposite angle of refraction may be obtained, A monochromatic 
beam of light, corresponding exuctly to the frequency of the organism 
(for Dr. Rife has found that each disease organism responds to and 
has » definite and distinct wave length, a fact confirmed by British 
medical research workers) is then sent up through the specimen and 
the direct transmitted light, thus enabling ths observer to view the 
organism stained in its true chemical color and revealing its own 
individual structure in a field which is brilliant with light, 

‘The objectives used on the universal microscope are n 1.12 dry lens, 
8.1.16 water immersion, « 1.18 oil jinmersion, and n 1.95 oil immersion, 
‘The rays of light refracted by the specimen enter the objective and are 
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then carried up the tubo in parallel rays through 21 light bends to the 
colar, » tolerance of less than one wave length of visible light only 
boing permitted in the core beam, or chief ray, of illumination. fate 
instead of the light rays starting up the tube in m parallel fashi 
(ehitny ts strnigs aa Vay rine ghar ana Gaully etctsog techie! 
arriving at the ocular separated by considerable distance as would be 
the case with an ordinary microscope, in the universal tube the rays 
also start their rise parallel to each other but, just as they are about to. 
ross, a specially designed quartz prism is inserted which serves to 
pull Ghem out parallel again, another prisin being inserted each time 
the rays ure about ready to cross. ‘These prisms, insorted in the tube, 
which are adjusted and held in alignment by micrometer screws of 100 
threads to the inch in special tracks made of magnelium (magnelium 
having the closest cosfiicent of expansion of any motal to quartz), are 
separated by a distance of only 80 millimeters. ‘Thus, the greatest 
distance that the image in the universal is projected through any one 
media, either quartz or air, is 80 millimeters instead of the 160, 180, 
or 190 millimeters as in the empty or air-filled tube of an ordinary 
microscope, the total distance which the light rays travel zigaag fashion 
through the universal tube being 449 millimeters, although the physical 
length of the tube itself is 229 millimeters. It will be recalled that if 
one pierces a black strip of paper or cardboard with the point of a 
needle and then brings the card up close to the eye o that the hole is 
in the optic axis, « small brilliantly lighted object will appear larger 
and clearer, revealing more fine detail, than if it wore viewed from the 
sure distance without the assistance of the card, This is explained 
by the fact that the beun of light passing through the card is very 
nirrow, the rays entering the eye, therefore, being practically parallel, 
whereas without the card the beam of light is much wider and the 
diffusion circles much larger. It is this principle of parallel rays in 
the universal microscope and the resultant shortening of projection 
distance between any two blocks or prisins plus the fact that objectives 
‘ean thus be substituted for oculars, these “oculars” being three matched 
pairs of 10-millimeter, 7-millimeter, and 4-millimeter objectives in 
short mounts, which make possible not only the unusually high mug- 
nification and resolution but which serve to eliminate all distortion as 
well as all chromatic and spherical aberration. 

Quarta slides with especially thin quartz cover glasses are used when 
a tissue section or vulture slant is examined, the tissue section itself also 
being very thin. An additional observational tube and ocular which 
yield n magnification of 1,800 dinmeters are provided so that that por- 
tion of the specimen which it is desired should be examined may be 
located and so that the observer ean adjust himself more readily when 
viewing a section at a high magnification. 
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‘The universal stage is x double rotating stage gradusted through 
260° in quarter-minute wre divisions, the upper segment carrying 
the mechanical stage having a movement of 40°, the body assembly 
which can be moved horizontally over the condenser also having an 
tngular tilt of 40° plux or minus. Heavily constructed joints and 
screw adjustinents maintain rigidity of the microscope which weighs 
200 pounds and stands 24 inches high, the bases of the scope being: 
nickel cast-stee! plates, accurately surfaced, and equipped with three 
leveling scrows and two spirit levels set at angles of 90°. ‘The course 
adjustment, a block thread screw with 40 threads to the inch, elides 
in W 1% dovetail which gibs directly onto the pillar post ‘The weight 
of the quadruple nosepiece and the objective system is taken care of 
by the intermedinte adjustment at the top of the body tube, ‘Tho 
stage, in conjunction with » hydraulic lift, acts asa lever in operating 
the fine adjustment. A 6-gauge screw having 100 threads to the inch 
is wotked through a gland into a hollow, glycerine-filled post, the 
ulyecrine being displiced and replaced at will as the screw is turned 
clockwise or anticlockwise, allowing a 5-to-1 ratio on the lead screw. 
‘This, accordingly, assures complete absence of drag and inertia, ‘The 
Aine adjustment being 700 times more sensitive than that of ordinary 
microscopes, the length of time required to focus the universal ranges 
up to 14 hours which, while on first consideration, may seem a dis- 
advantage, is after all but a slight inconvenience when compared 
with the muny years of research and the hundreds of thousands of 
dollars spent and being spent in an effort to isolate and to look upon 
disease-causing orgunisms in their true form. 

Working together back in 1951 und using one of the smaller Rife 
microscopes having 4 magnification and resolution of 27,000 diameters, 
Dr, Rife und Dr, Arthur Imac Kendall, of the department of bac- 
teriology of Northwestern University Medical School, were able to 
observe and demonstrate the presence of tho filter-passing forms of 
Bacillus typhows, An ngar slant culture of the Rawlings strain of 
Bacillus typhosus was first prepared by Dr, Kendall and inoculated 
into 6 ce. of “Kendall” K Medium, a medium rich in protein but. poor 
‘in peptone and consisting of 100 mg. of dried hog intestine and 6 o 
of tyrode solution (containing neither glucose nor glycerine) which 
mixture is shaken well 40,us to moisten tho dried intestine powder 
and then sterilized in the autoclave, 15 pounds for 15 minutes, altora- 
tions of the medium being frequently necessary depending upon the 
requirements for different organisms, Now, fter a period of 18 hours 
in this K Medium, the culture was passed through a Burkefeld 48" 
filter, a drop of the filtrate being added to another 6 ce. of K Modium 
und incubated ut 87° ©, Forty-eight hours later this same process 
‘wus repented, the “N” filter again being used, after which it wus noted 
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that the culture no longer responded to peptone medium, growing now 
only in the protein medium, When again, within 24 hours, the culture 
was pinssed through # filter—the finest, Berkefeld “W" filter, a drop 
of the filtrate was once more added to 6 ec, of K Medium and incubated 
nt 87° C,, 0 period of $ daywelapsing before the culture was transferred 
to K Medium and yet another 3 days before a new culture was pre- 
pared, ‘Then, viewed under on ordinary microscope, theso cultures 
were observed to be turbid and to reveal no bacilli whatsoever, When 
viewed by means of dark-field illumination and oil-immersion lons, 
however, the presence of small, actively motile granules was eitab- 
lished, although nothing at all of their individual structure could be 
ascertained, Another period of 4 days was allowed to elapse before 
these cultures were transferred to K Modium and incubutod at 87° O. 
for 24 hours when they were then examined under the Rife microscope 
where, as was mentioned earlier, the filterable typhoid bacilli, emitting 
‘a blue spectrum, caused the plane of polarization to be deviated plus 
48°. Then when the apposite angle of refraction was obtained by 
means of adjusting the polarizing prisms to minus 4.8° and the cultures 
illuminated by a monochromatic bean) coordinated in frequency: with 
the chemien! constituents of the typhoid bacillus, small, oval, actively 
motile, bright turquoise-blue bodies were observed at a magnification 
of 5,000 diameters, in high contrast to the colorless and motionless 
debris of the medium, ‘These observations were repeated eight times, 
the complete absence of these bodies in uninoculated control K Media 
also being noted. 

To further confirm their findings, Drs, Rife and Kendall next 
exumined 18-hour-old cultures which had been inoculated into K 
Medium and incubuted ut 37° C,, since it is just at this stege of growth 
in this medium and at this temperature that the cultures become 
filterable, And, just as had been anticipated, ordinary dark-field ex- 
umination revealed unchanged, long, actively motile bacilli; bacilli 
having granules within their substance; and froe-swimming, actively 
motile granules; while under the Rife microscope were demonstrated 
the same long, unchanged, almost colorless bacilli; bacilli, practically 
colorless, inside and at one end of which was a turquoise-blue granule 
resembling the filterable forms of the typhoid bacillus; and free-swim- 
ming, small, oval, actively motile, turquoise-blue granules. By trane- 
planting the cultures of tho filter-paseing organisms ov virus into a 
broth, they, wore seen to change over again into their original rodlike 
forms, 

At the same time that these findings of Dra. Rife and Kendall were 
confirmed by Dr. Edward @. Rosenow, of the Mayo Foundation, the 
magnification with accampanying resolution of 8,000 diamoters of th 
Rife microscope, operated by Dr. Rife, was checked against a dark- 
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field oil-immersion scope operated by Dr. Kendall and an ordinary 
2mm, oil-immersion objective, X 10 ocular, Zeiss scops operated by 
Dr. Rosenow at a magnification of 900 diameters, Examinations of 
gram- and safranin-stained films of cultures of Bacillus typhorus, 
gram- and safranin-stained films of cultures of the streptococcus from 
poliomyelitis, and stained films of blood and of the sediment of the 
spinal fluid from a case of acute poliomyelitis were made with the 
result. that bacilli, streptococci, erythrocytes, polymorphonuclear 
teukocytes, and lymphocytes measuring nine times the diameter of the 
same specimens observed under the Zeiss scope at a magnification and 
resolution of 900 diameters, were revealed with unusual clarity. Seen 
under the dark-field microscope were moving bodies presumed to be 
the filterable turquoise-blue bodies of the typhoid bacillus which, as 
Dr, Rosenow has declared in his report (Observations on filter-passing 
torms of Eberthella typhi—Bacillus typhonis—and of the streptococ~ 
cus from poliomyelitis, Proc. Staff Meetings Mayo Clinic, July 18, 
1932), were so “unmistakably demonstrated” with the Rife microscope, 
while under the Zeiss scope stained and hanging-drop preparations of 
clouded filtrate cultures were found to be uniformly negative. With 
the Rife microscope also were demonstrated brownish-gray cocci and 
diplococei in hanging-drop preparations of the filtrates of strepto- 
coceus from poliomyelitis. These cocci and diplococci, similar in size 
and shape to those seen in the cultures although of more uniform in- 
tensity, nnd characteristic of the medium in which they had been 
cultivated, were surrounded by a clear halo about twice the width of 
that at the margins of the debris and of the Bacillus typhoeus. Stained 
films of filtrates and filtrate sediments examined under the Zeiss micro- 
scope, und hunging-drop, dark-field preparations revealed no organ- 
isms, however. Brownish-gray cocei and diplococei of the exact same 
size and density as those observed in the filtrates of the streptococcus 
cultures were also revealed in hanging-drop preparations of the virus 
of poliomyelitis under the Rife microscope, while no organisms at all 
could be seen in either the stained films of filtrates and filtrate sedi- 
ments examined with the Zeiss scope or in hanging-drop prepara- 
tions examined by means of the dark-field, Agsin using the Rife 
microscope at a magnification of 8,000 diameters, numerous nonmotile 
cocci and diplococei of a bright-to-pale pink in color were seen in 
hanging-drop preparations of filtrates of Herpes encephalitic virus. 
Although these were observed to be comparatively smaller than the 
cocei und diplococei of the streptococcas and poliomyelitic viruses, 
they were shown to be of fairly even density, size, and form and sur- 
rounded bya halo. Again, both the dark-field and Zeiss scopes failed to 
reveal any organisms, and none of the three microscopes disclosed the 
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of such diplococci in hanging-drop preparations of the filtrate 
of anormal rabbit brain, Dr. Rosenow has since revealed these organ- 
iems:with the ordinary microscope at « magnification of 1,000 diam- 
eters by means of his special staining method and with the electran 
snieroseope at a magnification of 12,000 diameters. Dr. Rosenow has 
‘expressed the opinion that the inability to see these and other similarly 
revealed organisms is due, not necessarily to the minuteness of the 
“orgunisms, but rather to the fact that they are of « nonstaining, hyaline 
structure, Results with the Rife niicroscopes, he thinks, are due to 
the ingenious methods employed rather than to excessively high 
magnification.” He has declared also, in the report mentioned pre- 
viously, that “Examination under the Rife microscope of specimens 
containing objects visible with the ordinary microscope, leaves no 
doubt of the accurate visualization of objects or particulate matter by 
direct observation at the extremely high mugnification obtained with 
this instrument.” 

Exceedingly high powers of magnification with accompanying high 
powers of resolution may be realized with all of the Rife microscopes, 
‘one of which, having magnification and resolution up to 18,000 diam- 
eters, is now being used at the British School of Tropical Medicine in 
England. In a recent demonstration of another of the smaller Rife 
scopes (May 16, 1949) before « group of doctors including Dr. J. H. 
Renner, of Santa Barbara, Calif.; Dr. Roger A. Schmidt, of San 
Francisco, Calif.; Dr. Lois Bronson naslaaey ‘of Alameda, Calif; Dr. 
Lucile B. Larkin, of Bellingham, Wash.; Dr. E. P. Larkin, of Belling- 
ham, Wash.; and Dr. W. J. Gier, of San Diogo, Culif., a Zeiss ruled 
greding was examined, first under an ordinary commeréial micro- 
scope equipped with a 1,8 high dry lens and X 10 ocular, and then 
under the Rife microscope. Whereas 50 lines were revealed with the 
commercial instrument snd considerable aberration, both chromatic 
and spherical noted, only 5 lines were seen with the Rife cope, these 
5 lines being so highly magnified that they occupiod the entire field, 
without any aberration whatsoever being apparent. Dr. Renner, in a 
discussion of his observations, stated thut “The entire field to its very 
edges and across the center had a uniform clearness that was not true 
in the conventional instrument.” Following the examination of the 
grading, an ordinary unstained blood film was observed under the sume 
two microscopes, In this instance, 100 cells were seen to spread 
throughout the field of the commercial instrament while but 10 celle 
filled the field of the Rife scope. 

‘The universal microscope, of course, is the most powerful Rife 
scope, possessing « resolution of 31,000 diameters and magnification 
of 60,000 diameters. With this it is possible to view the interior of the 








214 ANNUAL REPONT SS{ITHSONIAN INSTITUTION, 1044 


“pin-point” cells, those culls situated between the normal tismo cella 
and just visible under the ordinary microscope, and to observe the 
smaller cells which compose the interior of these pin-point cells. 
‘When one of these smaller cells is magnified, still smaller celis are seen 
within its structure. And when one of the still smaller cells, in its turn, 
is magnified, it, too, is seen to be composed of smaller cells, 

of the 16 times this process of magnification and resoliition ean be 
repented, it is demonstrated that there are smaller cells within the 
sinaller cells, w fact which amply testifies us to the magnification and 
resolving power obtainable with the universal microscope. 

More than 20,000 laboratory cultures of carcinoma were grown 
and studied over a period of 7 years by Dr. Rife and his assistants 
in what, ot the time, appeared to be fruitless effort to isolate the 
filter-passing form, or virus, which Dr. Rife believed to be present in 
this condition. ‘Then, in 1082, the reactions in growth of bacterial 
cultures to light from the rare gasses was observed, indicating a new 
approuch to the problem, Accordingly, blocks of tissue one-half 
centimeter square, taken from an unulcerated breast careinoma, were 
placed in triple-sterilized K Medium and these cultures incubated at 
87° C. When no-results were forthcoming, the culture. tubes were 
placed in a cireular glass Joop filled with argon gas to a pressure of 
14 millimeters, and « current of 5,000 volts applied for 24 hours, after 
Which the tubes were placed in a 2-inch water vacuum nnd incubated 
atS7* C, for 2$hours, Using a specially designed 1.12 dry Jens, equal 
in amplitude of magnification to the 2-mm, apochromatio oil-immer- 
sion Jens, the cultures were then examined under the universal micro- 
Scope, it a magnification of 10,000 diameters, where very much ani- 
mated, purplish-red, filtersble forms, measuring less thun one-twen 
tieth of a micron in dimension, were observed, Carried through 14 
transplants from K Medium to K Medium, this B. X. virus remained 
constant; inoculated into 426 Albino rats, tumors “with wll the troe 
pathology of neoplastic tissuc” were developed. Experiments con- 
ducted in the Rife Laboratories have established the fact that these 
charncteristic diplococei are found in the blood monoeytes in 92 per~ 
cent of nll cases of neoplastic diseases, Tt has nlao been demonstrated 
that the virus of cancer, like tho viruses of other diseases, can be easily 
changed from one form to another by means of altering the media upon 
which it is grown. With the first change in media, the B, X.-virus 
becomes considerably enlarged although its purplish-red color remains 
unchanged. Observation of the orgunism with an ordinary microscape 
is made possible by a second alteration of the media, A third change 
ig undergona upon asparagus base media where the B, X. virua i 
transformed from ites filteruble state into eryptomyces pleomorphia 
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fungi, these fungi being identical morphologically both macroseopi- 
cally and microscopically to that of the orchid and of the mushroom. 
‘And yet fourth change may be said to take place when this erypto- 
rayces pleomorphia, parmitted to stand as-a stock culture for the period 
of metustisis, becomes the well-known mahiogany-colored Bacillus 
coli. 


It is Dr. Rife's belief that all micro-organisms fall into 1 of not 
more than 10 individual groups (Dr. Rosenow has stated that some of 
the viruses belong to the group of the streptococcus), and that any 
alteration of artificial medin or slight metabolic variation in tissues 
vwill induce an organism of one group to change over into any other 
ongunisis included in that same group, it being possible, incidentally, 
to carry such changes in mediu or tissues to the point where the or 
ganisms fxil to respond to standard laboratory methods of dingnosis, 
‘These changes ean be made to take place in as short a period of time 
as-48 hours. For instance, by altering the media—t parts per million 
per volume—the pure culture of mahoguny-colored Bacillus coli be- 
comes the turquoise-blus Bacillus typhoms. Viruses or primordial 
cells of organisms which would ordinarily require an S-week incuba- 
tion period to attain their filterable state, have been shown to produce 
disease within 8 days’ time, proving Dr, Rife’s contention that the 
incubation period of w micro-organism is really only a eyele of tever- 
sion. He:stutes: 

1m reality, {tly ot the biketeria Hhembelven that produce the disease Wit we 
hotleve it is the chemlea! coustitarnts of these mlcro-organkims enacting upon 
the unbalanced cell motsboliam of the human body that in aetuallty produce the 
fisease. Wo also bellovo If the metabolism of the human body tx perteetiy ba 
unged or polio, It le xasceptible to no divesie. 

In other wards, tlie human body itself is chemical in nature, being 
comprised of many chemical elewents which provide the medin-upen 
which the wealth of bacteria normally. present in the human system 
feed. ‘These bacterin are able to reproduce. ‘They, too, are cory 
of chemicals. ‘Therefore, if the medin upon which they feed, in this 
instance the chemicals or some portion of the chemicals of the buman 
body, become changed from the normal, it stands to reason that these 
same bacteria, or at Jeast certain numbers of them, will also undergo 
u change chemically since they are now feeding upon media which 
‘are not normal to them, perhaps being supplied with too muel or too 
Aittle of what they need to maintain a normal existence. ‘They chango, 
passing usually through several stages of growth, emerging finally as 
some entirely now entity—as different morphologically as are the 
cnterpillar and the butterily (to use an illustration given ug). ‘Fhe 
nisjority of the viruses have been definitely revealed ns living organ- 
isms, foreign organisms it is true, but which once were normal inhab- 
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itants of the human body—living entities of w chemical nature or 
composition. 

‘Undor the universel microscope disease organisms euch as those of 
tuberculosis, cancer, sarcoma, streptococcus, typhoid, staphylococcus, 
leprosy, hoof and mouth disease, and others may be observed to suc- 
‘cumb when exposed to certain lethal frequencies, coordinated with the 
particular frequencies peculiar to each individual organism, and di- 
tected upon them by rays covering a wide range of waves, By means 
‘of a camera attachment und a motion-picture camera not built into 
tho instrument, many “still” micrographs ns well as hundreds of feet 
of motion-picture film bear witness to the complete life cycles of 
numerous orgunisms, It should be emphasized, perbaps, that invari- 
ably the sume organisms refract the same colors when stained by. 
means of the monochromatic beam of illumination on the universal 
microscope, regardless of the media upon which they are grown, ‘The 
virus of the Bacillus typhoous is always « turquoise blue, the Bacillus 
coli always mabogany colored, the Mycobacterium leprae always a 
ruby shade, the filter-passing form or virus of tuberculosis always un 
emerald green, the virus of cancer always a purplish red, and so on. 
‘Thus, with the aid of this microscope, it is possible to reveal the 
typhoid organism, for instance, in the blood of a mspected typhoid 
patient 4 and 5 days before a Widul is positive. When it is desired 
to observe the flagella of the typhoid organism, Hg salts are used. 
fas the medium to see ut. magnification of 10,000 diameters. 

In the light of the amazing results obtainable with this universal 
microscope and its smaller brother scopes, there can be no doubt of 
the ability of these instruments to nctually reveal any and all micro- 
organiams according to their individual structure and chemical eon- 
stituents. 

With the aid of its new eyes—the now microscopes, all of which are 
continually being improved—science hus ut last penetrated beyond 
the boundary of necepted theory and into the world of the viruses with 
the result that wo ean look forward to discovering new treatments 
und methods of combating the deadly organisms—for science does 
not rest, 

‘To Dr. Karl K. Darrow, Dr, Jobn A. Kolmer, Dr. William P, Lang, 
Dr. L, Marton, Dr. J. Hi. Renner, Dr. Royal R. Rife, Dr. Edward C. 
Rosenow, Dr, Arthur W. Yale, and Dr. V, K. Zworykin, we wish to 
express our appreciation for the help and information so kindly givon 
ug and to express or gratitude, also, for the interest shown in this 
effort of bringing to the attention of moro of the medical profeation 
the possibilities offered by the new microscopes, 
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RADIO ACOUSTIC RANGING (R A. BR.) 


By Commasves KT. Apaxs 
Daited States Coaat ond Geodetic Survey 


(orien 1 plate 


Hydrographic surveying consists essentially in measuring water 
depths from a survey vessel and locating those depths in geographic 
position or with reference to the adjacent land features. ‘The method 
almost universally used for fixing hydrographic saree within sight 
of land is by measuring two sextant angles to three appropriately 
located visible control stations. This is the well-known three-point 
problem. In hydrographic surveying such » position determination 
is called a three-point fix. ‘The method is sometimes used beyond sight 
of land, where the depths of the water permit, by utilizing systems of 
anchored buoys for control stations. 

Beyond the limit of visibility of shore objects and where buoys can- 
not be used, hydrographic surveys were formerly controlled either 
by dead reckoning or by celestial obeervations. At considerable dis- 
tances froin the coast and in deep oceanic areas, such methods sufficed, 
even though both are notably inaccurate as compared with the three- 
point fix method. However, there was serious need for a more accurate 
method for use in coastal waters just beyond the range of the three- 
point fix method. Radio acoustic ranging (R. A. R.) was developed 
for use in such areas, 


HISTORY OF R.A. R 


Subaqueous sound was first used in navigation to determine the 
direction of an underwater sound source by means of two hydrophones 
(subaqueous sound receivers) installed on a ship, one on each side near 
the ship's bow, A patent was granted for this device in 1804. Prob- 
ably the first practical use of subsqueous sound to determine hori- 
zontal distances at sea was by means of a submarine bell suspended 
holow a lightship. Such bells were in goneral use by the United 
States Lighthouse Service in 1906. Other experiments were made in 
connection with the use of subaqueous sound in navigation, but the 
rapid development of radio direction finding fulfilled the need for 
position determination in navigation. The sinking of the Titanio in 
a 
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1912 emphasized the need for » means to detect icebergs in the track 
of n vessel and led to experiments in the use of subsqueous sound for 
this purpose. ‘The instruments and methods developed, however, found 
their greatest application in measuring depths of water by subaqueous 
sound, resulting in modern echo sounding. 

During World War I the transmission of sound in sea water was 
intensively studied by the world’s foremost scientists in i 
the wubmarine menace, Asa result, instrumental equipment for trans- 
mitting and receiving subaqueous sound was perfected, as well as 
instruments specifically designed for the measurement of sound travel. 
Atter World War I, the Coast and Geodetic Survey became interested 
in the possible use of the method to control hydrographic surveys. Tn 
collaboration with the War Department and the Bureau of Standards, 
‘experiments were conducted in the further development of the method 
aand in the redesign of instrumental equipment. ‘The method was first 
actually used in hydrographic surveying on the ship Guide off the 
coast of southern California in early 1924. It was an immediate 
success, although many details of procedure had to be perfected before 
it could be used with assurance. 


‘THEORY 


In radio acoustic ranging the position of a subaqueous sound source 
is determined with reference to two or more appropriately located 
sound receivers whose positions are known. Such a use of sound 
thas also been called “phonotelemetry.” Angles are not utilized in 
this procedure—the unknown position is determined by measuring 
the travel times of the sound from its source to the sound receivers, 
Ifthe effective horizontal velocity of sound in sea water is known, the 
distunces from the sound soures to the receiving stations may be 
determined by multiplying the travel times by the velocity, and 
from the distances the position of the sound source may be found. 

‘There are several ways in which the travel time of subaqueous 
Sound ean be used to determine the position of an unknown point: 

(a) Three or more appropriately located receiving units may be 
interconnected cleotrically or by radio and the times of arrival of the 
subaquicous sound at the several stations may be recorded at a central 
station. Knowing the velocity of sound, the differences batween the 
arrival times nay be used to derive the position of the source of the 
sound. This is known as the “differential method” and it is in 
general military use to determine the positions of enemy gun 
emplacements, 

(8) The subaqueous sound impulse may be synchronized at the 
source with radio signal. If the elapsed times between the receipt 
of tho radio signal and the receipt of the subaqueous sound ate 
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observed at two or more receiving stations at known positions, these 
time intervals may be used to determine the position of the sound 
source. 

(0) All operations may be controlled and all measurements made 
tthe sound source, A subaquoous sound signal is made near # 
aurvey vessel and its time recorded. The instants of arrival of the 
subaqueous sound at two or more receiving stations ore then signaled 




















‘Puoxe 1—Radio nevustic ranging, In hydrographle surveylig the ship's poxltion 
tm determined by subaqueous pound travel to sono-radio buoys unebored ai 
known positions. A, the bomber throws a ell TNT bowh overboard from the 
imoving ship. B, the bomb explodes and the resulting w7und wave trnvela 
toward the sono-radio busys (g and b) vie paths (C—O) and toward the 
hydropbooe (e) ta the bottom of the sbip via the path (D—D), ‘The sound 

(F) travels in all directions at a velochty of about 15 km. per se. 








the alip. In the figure the sound wave has not yot artived 
it nono-radio bay (h). 


automatically by radio, and received and recorded oy board the 
survey ship, From these data, the elupsed time between the origin 
of the sound and its receipt at each station is known and the position 
of the survey ship may be determined. 

This is the method used by the Const and Geodetic Survey, and 
is considered the most practicable for use in hydrographic surveying 
because all operations are controlled from the survey ship and all 
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ath are recorded thereon and become available to the bydrographer 
in the shortest possible time. This method avoids errors made in 
transmission, which are always possible whore the data are received 
elsewhere und radioed to the vessel. 


ALAR OPERATION 


‘To determine w position by R, A. R,, the following data must be 
imown: The receiving stations (that is, the hydrophones) must be 
established nt known positions ‘The travel times of the subaqueous 
sound from its origin to ite receipt at each receiving station inast 
be measured with an accuracy of about 0.01 second. The effective 
horizontal velocity of sound must be known. (‘The travel path of the 
suund is not necessarily a straight line, as is explained later, but to 
determine horizontal distances by R. A. R, it is obvious that the 
velocity of sotind that is required fs the horizontal distance divided 
by the travel time.) 

‘A sheet with a projection is prepared on which the positions of the 
teceiving stations are plotted. ‘The measured travel times are malti- 
plied by the effective horizontal velocity of sound to obtain the hori- 
soutal distances between the sound source and the receiving stations. 
‘Tho position of the sound source is then nt the intersection of the arcs 
drawn from the stations with the computed distances as radii. 

‘The following description illustrates briefly how R. A. R. is used by 
the Coast and Geodetic Survey: A subsqueous sound is produced by 
the explosion of a INT (trinitrotoliene) bomb thrown overbourd 
from the survey ship while under way. A hydrophone (subaqueotis 
receiving unit) in the hull of the ship, and a radio receiver on the ship 
are connected to a chronograph. ‘The receiving station consists of a 
submerged hydrophone connected to n radio transmitter which opor- 
ates nutotaatieally when the hydrophone is actunted by a subaqueous 
sound. 

In addition to the ordinary survey personnel, certain specialists are 
required in R, A. R. Ono officer is in direct churge of all operutionss 
ho plots the ship's positions as determined from the R.A. R, data, 
A chronograph attendant is in charge of the chronograph and oversees 
its functioning during the time from the bomb explosion to the receipt 
of tho mdio signals, A radio technician ix in charge of the instru- 
thental equipment on the survey ship; he attends to the proper tuning 
of the radio receiver and assists the chronograph ttendant in identify- 
ing the radio signals from the receiving stations. An explosives expert, 
called a bomber, is in charge of tho explosives und the preparation of 
the bomibe; he lights the bombs und throwe it overbourd when instructed 
todo so by the chronograph attendant. 
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‘One minute before an R. A. R. position is desired, an electrio bell 
signals the bomber to get a bomb ready. ‘The bell signal ulso indicates 
the size of bomb wanted. A detoniator and fuse are inserted in the bomb 
und the fuse is lighted x few seconde before the time for the position, 
‘When the fuse is burning, the bomb is thrown overboard from the 
ship's quarter and a bell ig rung as it strikes the water, ‘This is the 
official time of the position. (The time of the explosion, which comes 
7 or 8 seconds later, is not the time of the position, because by that 
1¢ the ship is some little distance away from the place of the explo- 
sion.) The electric bell is hoard by the officer in charge and by: tho 
chronograph attendant. ‘The time and log aro read and recorded and 
4 sounding istaken, Any changes in course or speed are made at this 
time, At the sound of the bell, the chronograph attendant starts the 
chronograph und connects it with the ship's hydrophone. When the 
bomb explodes, the sound is received through the hydrophone ind reg- 
isters automatically on the chronograph tape. After the explosion has 
registered on the chronograph tape, the chronograph is switched from 
the hydrophone to the ship's radio receiver. ‘The sound of the bomb 
explosion travels through the water in every direction and eventually 
reaches the several receiving stations. At the instant the sound arrives 
tit each receiving station hydrophone, the radio transmitter connected 
to it automatically sends a radio signal, which is received on tho ship's 
radio receiver and registers on the chronograph. During this time, 
which may be from a few seconds to more than 100 seconds, » mirk is 
being made each second (or earh tenth second) on the chronograph 
tape, As the radio returns are registered, the chronograph uttendant 
identifies them, and when the last one has been received, the timo 
intervals, in seconds and hundredths of seconds, from the explosion to 
its receipt at the several receiving stations are taken from the tape. 
Each radio retuen and its corresponding distance must be correctly 
identified with reference to the station from which it was received. 
‘The time intervals ure then reported by the chronograph attendant to 
the officer in charge who determines from them the position of the sur- 
vey ship nt the time the bomb struck the water. This entire operation 
takes on the average about 4 or 5 minutes. 











‘BAB RECEIVING STATIONS 


Three different types of receiving stations have been used by the 
Const and Geodetic Survey. In their chronological development they 
are: Shore station, ship station, and sono-radio buoy. Ship stations 
are no longer used; shore stations are sometimes used; but sono-radio 
buoys are nsed in most R. A. R. surveys. 

‘Shore atationsR. A. R. was first used by the Coast and Geodetic 
Survey on the Pacific coast of the United States. Here comparatively 
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deep water generally extends reasonably close to the shore and, as is 
now known, the temperature conditions of the water are favorable for 
horizontal transmission of sound. Shore stations were used at this 
time. A shore station consists of a conventional radio receiving and 
transmitting station installed an shore, connected by electric cable with 
‘a submerged hydrophone placed offshore in an appropriate depth of 
water whore it is not shielded by shoals, The hydrophone is attached 
to an anchor, but is buoyed to float at a selected depth below the water 
surface, 

Each shore station is manned by one or more radio technicians. The 
principal advantage of shore stations is that the radio technician ean 
keep the apparatus in repair, the batteries charged, and the station 
operating at maximum efficiency at all times. Surf or other uncontrol- 
lable conditions may sctnate the hydrophone if it is too. sensitive, 
‘The radio technician can vary the sensitivity of the apparatus for the 
best reception. He can also listen to the sound of the bomb explosion 
‘when it is received and can measure its amplitude. A knowledge of the 
strength of the received sound is valuable to the officer in charge in 
‘weighting the results and in determining the size of bombs to use. 

Shore stations are more exponsive to establish and maintain than 
sono-radio buoys, but their efficiency is greater. Laying the cable 
from the hydrophone throngh the surf to the radio station is the most 
difficult part of the establishment of # shore station, and sometimes 
‘weather may prevent it for several weeks at a time. And unloss the 
area in the vicinity of the hydrophone has been thoroughly sounded, 
one has no assurance that intervening shonls or irregular types of 
bottom will not interfere with the receipt of the sound. 

Ship stations —When R. A. R. was first used on the Atlantic coast 
of the United States, it was soon found that shore stations would not 
function satisfactorily. The Continental Shelf on this coast generally 
extends many miles seaward, and tho depths of water on it are com- 
paratively shallow. Moreover, the temperature conditions of the water 
are not 30 favorable for the transmission of sound as they are on the 
Pacificcoast. To overcome these difficulties, small ships were anchored 
offshore at known positions and used as floating R.A. R. stations, The 
‘receiving stations could then be placed in deeper water, thus shortening 
the distance through which the sound had to travel. ‘The shore appa- 
ratus was placed on the ship, and the hydrophone was anchored, ns nt 
‘ashore station, 2 short distance from the ship so that ship noises would 
not interfere. These ship stations were then operated just as shore 
stations, They had all the important advantages of shore stations and 
in addition they were mobile. Their maintenance, however, was ex- 
ceedingly costly, and as the ships were small, they frequently had to 
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leave their stations in bad weather or be exposed to damage by storm. 
Ship stations are no longer used by the Coast and Geodetic Survey. 

Sono-radio buoys —Soon after ship stations had been used. success- 
fully, the idea was conceived of usin n buoy in which was housed = 
fully automatic unit for receiving the sound impulse and transmitting. 
the radio signal—hence the name sono-radio buoy. 

‘Two types of structures have been used for sono-radio buoys: One 
type in which » steel drum is held in a wooden framework, and the 
other m specially designed all-metal type. ‘The latter requires more 
special fittings and parts than the former, but both are about equally 
successful. ‘These buoys are constricted on the ship by the ship's 
personnel, using readily available materials. 

From its long experience with the use of buoys as water signals, the 
Coast and Geodotio Survey hus evolved a more or less standard type 
‘of wooden structute which ha» been used in the construction of sono- 
radio buoys. Such « buoy consists of a 60-gallon steel drum with « 
counterweight to hold it upright and superstructure extending about 
16 feet above the water, the batteries, the radio transmitter, and the 
necessary electric cireuits being placed in the drum. A vertical an- 
tenna is supported on tho superstructure and the hydrophone is sus- 
pended from the counterweight at a depth of about 7 fathoms, 

‘The electric apparatus in the sono-tadio bucy was designed espe- 
‘cially for automatic use in R. A.R. ‘The principal parts of onan 
ment are the audio amplifier, the keying citeuit, the radio trans- 
mitter, and the hydrophone. All parts must be especially constructed 
and are generally made by the radio technicians on the survey ship. 
‘The apparatus used in all sono-radio buoys is very similar, although 
minor differences have teen incorporated depending on the conditions 
encountered. Sono-ridio buoys can be used from 1 to 3 months with- 
out attention, 

‘The froquency of the sound of a bomb explosion is below 300 cycles, 
‘The electric apparatus is designed (o receive and amplify sounds in 
this frequency range. ‘The amplifier must be stable and any tire lng 
init must bo-sinall and relatively constant. ‘The purpose of the keying 
circuit is to cause the radio transmitter to operate automatically when 
the bomb signal actuates the hydrophone, It ia designed so that un- 
wanted soutids of comparatively low intensity will not operate the 
radio transmitter, but that when the sound of a bom)s ix received the 
transmitter operates instuntly at newrly full power. 

Extra cireuits aro sometimes incorporated in sono-radio buoys for 
the purpose of shortening the transmitted radio signal. When radio 
returns are being received from several sono-radio buoys, it is obvious 
that an early return which is prolonged unduly may blanket, subse- 
quent returns coming immodiately afterward from other sono-radio 





228 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1944 


buoys. Due to reverberation, multiple reflections, and other causes, a 
radio signal in such cases may be prolonged as much as 7 seconds, 
Moreover, defects occurring in the electric circuits or unwanted noises 
may tend to make a particular sono-radio buoy transmit almost con- 
stantly. The so-called shortening circuit limits the length of radio 
transmission to a half second or less, after which the sono-radio buoy 
is rendered inactive for a period of 3 to S seconds, There are certain 
disadvantages in using these circuits, When all the radio signals 
transmitted are of equal length, signals caused by bombs cannot be 
distinguished from other signals, as, for example, those caused. by 
water noises, Moreover, if a sono-radio buoy is actuated by an extra- 
neous cause just before the bomb signal arrives, the silencing cireuit 
prevents the bomb signal from operating it, Sherbeatngebdalensig 
circuits, therefore, are not used where prolonged signals are not par- 
ticularly bothersome, 

‘To obtain constancy of radio frequency, a quartz erystal is incorpo- 
muted in the transmitter, Several radio frequencies between 2492 and 
4160 kcilocycles are wuthorized for use in sono-radio buoys, but those 
most frequently used aro 4135 and 4160 kilocycles. Using these latter 
frequencies, the minimum radio frequency power required for satis- 
factory results under normal operating conditions is about $ watts, 
although up to 26 watts hns been used. 

‘A hydrophone is n subuqueous sound-detecting device. It is used in 
B.A. R. to receive the sound energy from a distant underwater bomb 
explosion and to convert it to electric energy. Most hydrophones con- 
sist of u watertight housing containing un electromagnetic, piezoelue- 
tric, or other electroacoustic device, which is coupled to the housing in 
such a way that the sound impinging on the housing, or on its dia- 
phragm, is transmitted mechunically to the electroacoustic device, 
which in turn converts this mechanical energy into electric energy. 

As sound passes throagh an elastic medium, such as water, there is 
an alternate condensation and rarefaction of the medium ata given 
point, resulting in a corresponding increase and decrease of the pres- 
sure nt this point. In addition, at any point the particles of the me- 
diam undergo regional displacement forward and backward along the 
direction of sound propagation. Hydrophones are operated by this 
pressure varintion and particle displacement. Several different types 
of hydrophones have been designed especially for use in R.A. R, ‘The 
hydrophone itself does not have to be extremely sensitive, but the 
hydrophone and the audio amplifier must be designed so that togetlier 
they will have the required sensitivity. A hydrophone must respond 
‘well to the frequency of a gound caused by a subaqneous explosion. 
‘The hydrophone must not be directive to » marked degree, for in hy- 
drographic surveying the sound which is to uctuate it may come from 
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almost any direction. ‘The hydrophone or the case in which itis housed 
must be watertight. ‘The most-frequent cause of hydrophone failure is 
Jeakage. A hydrophone becomes inoperative if the armature of the 
electromagnetic unit is forced against one of the pole pieces and held 
there, This may result if a bomb explodes too close to the hydrophone 
or if anything strikes the hydrophone while the sono-radio buoy is 
being placed on its station. 

Before a sono-radio buoy is put on station, the gain of its audio 
‘amplifier must be adjusted for sensitivity. If the gain is too low, the 
unit will be insensitive and returns will not be received from bomb 
explosions more than s short distance away. If the gain is too high, 
the unit will be actuated by the action of the waves, nearby water 
noises, or by the movement of the buoy itself. In the lntter ease, the 
buoy transmits continuously, and the receipt of a bomb explosion 
cannot Le detected. Furthermore, the continuous radio signals inter~ 
fere with the receipt of signals from other sono-radio buoys which are 
operating satisfactorily. It is obvions that a sono-radio buoy placed 
‘on station to operate wutomatically for several weeks nt « time must not 
be adjusted for operation in perfect conditions, for then survey opera- 
tions would often be interrupted by weather conditions, This explains 
one of the principal advantages of a shore station. ‘The latter being 
attended, its sensitivity can be adjusted at all times for best operation. 

Abnormal performance of a sono-radio buoy is ustilly disclosed in 
one of two ways—either it is too insensitive to bomib explosions or there 
is an excess of stray signals, 


SHIP EQUIPMENT 





‘The special equipment used on the survey ship for R, A. Tis com- 
paratively simple and easily understood. It consists of a hydrophone 
in the ship’s bottom, a radio receiver, chronograph and amplifier, and 
4 breale-cireuit chronometer, Except for the chronograph amplifier, 
standard commoreial products are used in each ¢aso. ‘Their coordinate 
functions from the time a bomb explodes until the radio signals from 
the R. A. R. stations have been recorded on the chronograph are 8s 
follows: 

‘The bom explosion is received on the hydrophone, after which the 
signal is amplified sufficiently to operate the stylus of a chronograph 
which makes a mark on « moving tape. ‘The stylus circuit is then 
immediately connested tothe radio receiver, Signals from the R, A. R. 
stations are received and marked on the tape by the same stylus, 
Anothor stylus operated from a break-cirouit chronometer marks regu~ 
nr time intervals on the tape during this entire period, ‘Then the time 
intervals from the explosion of the bomb to the reception of the radio 
signals may be meustired on the tape. 
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‘The hydrophone, through which the sound of the bomb explosion ix 
received, is installed in a water-filled tank which is fastened to the 
inner side of the hull of theship. Tt must be located where ship noises 
will affect it least. 

Any good commercial communication radio receiver may be used 60 
long as it will cover the necessury range of frequencies, 

The chronograph amplifier is especially built by the ship's radio 
technicians, Its purpose is to amplify the impulse from the hydro- 








Finvie 2—Ship equipment for rudio acoustic ranging. A bomber (a) throws 
& emiall ENT bomb overboard from the moving survey ship. ‘Tho sound wave 
produced hy the subaqueous explosion travels (CCC) (o « hrdrophove (a) In 
the bottom of the abip. ‘The hydrophone converts sound ehergy to elnetrle 
senerxy, which Ia led (EW) to ap atnplifier which operates w ebronograph (f). 
‘The bomb explovion is registered on n paper tape at G. ‘The sopnd wave of the 
explosion travel to HA. TL wtutlany which It wetaaten and whieh tnatantly 
‘sotid radio wignile (HATH) which are recelvod (JJ) eid amplified and rogue 
tered ow the sine chronograph (f). ‘The retnens from thee stations are shoves 
AUK, L, tnd Mf Rnowing the velocity of nound tn wea water, the time Intervals 
on the tape enn be converted Into dlatinces. 


phone cated by the bomb explosion and also the output of the radio 
receiver. The amplification must be suflicient to actuate the stylus in 
the chronograph. 

A chronograph is a graphic-recording titno-measuring device. Ibis 
connected to a break-nircuit chronometer, which provides the time 
record. A narrow wax-conted paper runs through the elronograph 
beneath two sharp styltses electromagnetically operated. ‘The tape 
‘moves at the rate of about 2 centimeters a second. One stylus is con- 
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nected with the chronometer and makes a mark on the tape once a 
second. Another stylus in connected with the chronograph amplifier 
and is actuated by the reception of the bomb signal and later by the 
reception of the radio signals. This record permits the sealing of the 
time intervals to the nearest 0.01 second by interpolation. 

A differint instrument, called the Dorsey chronograph, designed 
and built by the Coast and Geodetic Survey, is ulso used for the same 
purpose, It incorporates electric time measurement, starting with a 
piezoelectric crystal, and provides much more constant and correct 
time thane break-cireuit chronometer, ‘The tape in this chronograph 
runs at a speed of about 5 centimeters second, and « mark is made each 
tenth second and the seconds are numbered, ‘The instrument is also 
utomatic in that the electric bell signal signifying that the bomb hax 
struck the water starts the tape moving and the timing stylus begins 
marking tenth seconds, When the hydrophone is actuated: by: the 
bomb explosion, the next tenth second is marked zero and the mark at 
each subsequent second is numbered. ‘Time intervals to the nearest 
0.01 second can be interpolated from this record by eye. 








BOMBS 


For use in R.A. R.n sound of great intensity reaching a peale almost 
instantly and one that will travel through the water in all directions is 
required. ‘The explosion of» trinitrotoluene (TNT) bomb has been 
found best adipted for the purpose, although any type of explosive 
sitable for use under water ean bo used. Dyriamite has been used, but 
it is more unstable and more dungerous to handle than TNT. The 
froquency of a bomb explosion is below 300 cycles, which is tower than. 
‘most interfering noises. 

‘Tho TNT itself does not have to be ina watertight container. For 
best results the contuinor should be mado of a comparatively strong 
rigid matorin! 20 thut the gases generated arn contained until detona- 
tion is complete, whereupon the container bursts: ‘The resulting ex- 
plosion produces a highly compressed sound wave that has agreater 
range than ong from an explosion in a comparatively fragile container, 

For long distances und best results, hollow exst-iton spheres with 
half-inch. walls, containing from 4 to-4 pounds of "TN'T, are used, 
‘Thede splicres have to be especintly cast and aro exponsive and henys 
to handle. Bor ordinary distances and for perhaps 95 percent of the 

cases, ordinary commercial tin cans with » friction top are used, 
Three sizes of the Inttor are commonly used, 4, 44, and 1 pint, depend~ 
ing on the distances involved and the characteristies of the area being 
surveyed. 

Ordinary commercial detonators made of fulminate of mereury aro 
twved with standard waterproof fuse to detonate the TNT. ‘Tin cans 

s1v690—45—18 
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of various sizes are filled in advance with TNT compacted firmly, A 
hhole is punched in the center of the lid of each can. Fuses of various 
lengths aro attached to the detonators and this junction of the fuse 
and detonator must be watertight. Just before an R. A. R. position is 
required, the detonator is inserted through the hole in the lid of the 
can and pushed down into the TNT. ‘The fuse is lighted on an electrio 
heating element and the bomb is thrown overboard well clear of the 
ship, which is under way. 

‘The bombs must not be exploded too close to the survey ship, Also 
thay should not explode too close to the surface of the water, for then 
part of the sound energy is disipated into the sir. Best results are 
Apparently obtained with explosions at a depth of about 7 fathoms. 
To achieve thess two results, the bombs are weighted to make them 
sink at the required speed, and the fuse is cut in lengths to provide the 
required delay in time. 

In 1940 the cost of a 1-pint bomb with fuse snd detonator was about 
80 cents, 


‘VELOCITY OF SOUND IN SEA WATER 


‘To measure distances by subaqueous sound transmiscion, one needs 
‘to know not only the elapsed time intervals but the effective horizontal 
velocity at which the sound travels through the water. ‘The velocity 
of propagation of sound in sea water may be calculated from the tem- 
perature and salinity of the water and the hydrostatic pressure, 
‘Tables have been prepared based on these three variables, The velocity 
of sound varies with these three characteristics by the following ap- 
proximate percentages: 

(a) Ench 1° C. increase in temperature increases the velocity 0.2 


percent. 
(b) Ench 1 part per 1,000 increase in salinity increases the velocity 


0. percent. 

(c) Ench additional 100 fathoms (183 m,) of depth increases tho 
velocity 0.28 percent. The velocity of sound in water is approximately 
1,600 meters per second at a temperature of 14° C., salinity 35 parts 
per 1,000, und at surface atmospheric pressure, 

‘To detormine the velocity of sound from the tables, the temperature 
and salinity of the water must be measured, and the depth must be 
known, for pressure varies almost exactly with depth. The variation 
of salinity in sea water is small, and its effect on volocity, as compared 
with the effect of variation in temperature, is relatively unimportant. 
‘The temperature varies not only from place to place, but ordinarily 
decreases with the depth. Forthe average R. A. R. survey, the velocity 
‘of sound must be known within 4 meters per second, and to attain this 
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accuracy the average temperature of the water through which the 
sound wave passes mast be known within approximately 1° C, 

During 1 hydrographic survey controlled by R. A. R., frequent tem= 
porature observations are made, Observations from the surface to 
the bottom are made at various places und times, supplemented. by 
more frequent observations at the surfaco and the bottom, ‘Tempera~ 
tures are measured with ono or more reversing thermameters attachod 
to a sounding wire and lowered to the desired depth. ‘Tho thermome= 
(or roverses us voon ns it starts upward and breuks the column of mer- 
cury so that the value registered at the greatest depth ean be read 
after the thermometer has been brought to the surfuce. 

‘A bathythermograph, a comparatively new instrument, is also used 
to measure water temperitures in the upper 70 fathoms, where tho 
greatest variation oceuts. ‘This instrument records automatically and 
graphically the temperatures with reference to depths. 

‘The varintion in salinity normally encountered affects velocities of 
sonnd only slightly as compared with temperature, but salinity does 
vary and ite value must be determined. In the Coast and Geodetic 
Survey the salinity is determined indirectly by measuring with a 
ydrometer the specific gravity of w water sample. Au accuracy of 
about one-tenth part per 1,000 may thus be obtained. 

‘Velocity of sound us determined from the physical charaeteristica of 
the water and from tables is obviously the velocity of propagation of 
the sound wave, irrespective of direction, ‘The effective horizontal 
velocity is required in R. A. R. If the sound wave is refracted, or is 
reflected from the bottom one or more times en route to the receiving 
‘tution, as is explained luter, it is apparent that the theoretical velocity 
‘alone will not suflice for uso in R.A, R. In suck cases, the measured 
time intervals are greater than they would be if the sound traveled 
by n direct horizontal path, 

Under certain conditions tho effective horizontal velocity of sound 
sat a place ean be determined experimentally. If a bomb is exploded 
at a known horizontal distance from a reoviving station and tha time 
interval from the explosion to its receipt at the receiving station is 
measured, the distance divided by the time interyal will give the effee- 
tive horizontal velocity of sound between the source and the receiver 
for the temperature and salinity of the water at thut place and time, 
irrespective of the path of the sound wave. Whore the depths of water 
permit, it is customary to nuke such teste throughout an area being 
surveyed and nt intervals during the survey. For a survey in uniform 
depths where the temperature and salinity are relatively constant, 
results of sich tests can be subsequently used in determining R. A. R, 
positions. Whore the temperature and salinity change frequently, 
tho velocity of sound determined by tests can be modified to take into 
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wccount the temperature and salinity differences. But where the 
depths in the urea vary to a marked degree, and especially where the 
depths are too great to permit teats to be made, the velocity of sound 
values must be determined from an assumption of the path of the 
sound wave, 

‘There is also an indirect method for determining the effective hori- 
zontal velocity of sound under certain conditions and allowing certain 
assumptions. If the time intervals from a bomb explosion to three 
receiving stations nt known positions are measured accurately, and 
the sanie temperature and’ salinity conditions and depths along the 
three paths of sound are assumed, then the effective horizontal velocity 
can be computed by means of u rather involved formula, It is obvious 
that thero must be no doubt regarding the accuracy of the travel tites. 
Af one value is doubtful or if the conditions along the three paths are 
dissimilar, an erroneous value of the velocity of sound will result. 








PATH OW A SOUND WAY 


Tn un ideal water medium with uniform characteristics and unlim- 
ited dimensions in every direction, a sound from a nondirectional 
source would be propagated along straight paths in every direction. 
‘The arrival time at any receiving station would be the time required 
for the sound to travel the shortest path. In such a case, the theoreti- 
eal velocity of sound would be the same as the effective velocity, and 
B.A. B. would not be complicated by uncertainties due to the path of 
the sound wave. 

Unfortunately, tho ideal madium does not exist in pructice, and the 
propagation of sound in water is indeed complicated, ‘The sound wave 
is propagated through a body of water bounded above by the water 
surface nnd below by the ocean bottom; the horizontal dimension of 
the medium is long as compared with its vortical dimension; sound 
‘Waves ate reflected feom both boundaries of the medium, and within 
the medium they are refracted by changes in the vulocity of sound 
long the path, ‘These facts complicate the path of the sound wave, 

‘The reception of sound is also complicated by the fact that the vari- 
ous reflected and refracted waves interfere with one another, Where 
two sound waves of the same frequency and wavo form moet at one 
point, they will tend to reinforce or neutralize each other, depending 
on their directions of propagation atid whether they meat in the sane 
‘or opposite phase. 

Tt is apparent that, in a bounded water medium, the sound wave 
may travel an almost unlimited number of paths. There will be one 
direct path from the source to the receiver and # multitude of tefleetod 
paths. The sound wave that first arrives at the receiver with suflicient 
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intensity to actuate it is, of course, the one that is used in R.A. R-— 
other sound waves arriving Inter serve only to prolong the received 
signal. Unfortunately, the sound traveling via the direct path is 
almost always canceled by the sound wave reflected from the surface 
of the water. This surface-reflected sound wave is reversed. in phase, 
and as the length of its path is nearly equal to the direct path, almont 
‘catyplote cancelation of the two takes place, In actual experience the 
sound vin the direct. path is rarely received at distances greater than 
Tor 8miles. 

‘Tho result of this is that the useful sound wave in R.A, R, ix the 
‘one that is refloctod at least once from the ocean bottom and, depending 
on the depth of the water und ita physical characteristics, the sound 
may arrive at the receiving station after having been rofletced « mum- 
ber of times between surface and bottom, 

Another complication is the fact that the surface boundary is hori- 
zontal, but the ocean bottom is not. A sound wave is reflected from a 
boundary in the same way as a ray of light is reflected from a mirror, 
the angle of reflection being always equal to the angle of incidence, If 
tho water is deep at the bamb explosion but the receiving station is 
located in comparatively shallow water, as is the usual casein R.A. R,, 
it is obvious that the bottom slopes upward along the effective path of 
propagation. In such » ease, each time the sound wave is reflected 
from the bottom, its direction of propagation is changed toward the 
vertical, and if enough reflections are involved and tho slope of the 
bottom is sufficiently great, the suecessive angles of reflection may be 
decreased until the sound wave is reflected vertically upward or it may 
actually reverse its horizontal direction of propagation, and never 
reach the receiving station. This condition is aggravated in shoal 
water where more reflections take place in a given horizontal distance 
than do in deep water of the same characteristics. ‘This partly explains 
the diftioulty encountered in sound transmission from deep water on 
the Continental Slope to shoal water on the Continental Shelf, Tt leo 
explains the difficulty encountered in R, A. R. where there are inter- 
vening shoal areas between the bamb explosions and the receiving 
‘stations. 

The path of a sound wavo is also affected by refraction. Wherever 
‘a change in the velocity of sound takes place along the path, the sound 
wave is refracted, If pressure were the only characteristic affecting 
velocity of sound, its constant increase with depth would cause a con- 
‘stant increase in velocity, and the sound wave would be refracted in 
the are of a circle concave upward. Tt is rare, however, that pressure: 
is the only varinble involved. ‘The temperature of the water varies 
and normully decreases with depth more than enough to overcome the 
increase caused by pressure, until the depths become comparatively 
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great, This decrease in temperature causes a decrease in velocity 
which refracts the sound wave downward. 

‘Thus it is seen that for any given case in R. A. R. the path along 
which the received sound has traveled may be very complicated. It 
may have been reflected a number of times from the bottom and the 
surface, and between these reflections it may have been refracted, either 
upward or downward, or perhaps in both directions nt different depths. 

‘The excellent results obtained in R. A. R. are due to the fact that 
water is a relatively good medium for the propagation of sound, even 
though its physical characteristics, and consequently the velocity of 
sound, vary with time, place, and depth: It is due also to the good 
reflecting qualities of the water surface and the ocean bottom. ‘The 
sound is confined vertically and is reflected and amplified, somewhat 
as it is ina speaking tube. Little of the energy of the sound wave is 
actually lost in reflections, although when the sea is rough or the ocean 
bottom irregular, some of the sound energy may be dissipated, 


R.A. RIN PRACTICE 


Subsqueous sounds have been detected with instruments of only 
ordinary sensitivity at a distance of 400 nautical miles (740 km.), A 
sound propagated vertically downward by an electromagnetic oscilla- 
tor in » depth of about 200 fathoms (36% m.) has been heard after 
having been reflected 23 times alternately from the bottom and the 
surface. In R. A. R. the longest distance that has beon measured is 
184 nautical miles (340 km.). ‘This was in connection with a test 
Which was concluded at that distance, but there was no observable 
diminution in the intensity of the received sound as compared with 
that received nt somewhat lesser distances. In actual hydrographic 
surveying, distances of 100 miles (188 km.) or more have often been. 
Measured. Shore stations are much more efficient in this respect than 
sono-radio buoys, although returns have hoen received from sono-radio 
buoys at distances of 100 miles (185 km.). ‘The type of area in which 
sono-radio buoys are preferred to shore stations ordinarily limits their 
range to about 80 or 35 miles (55 or 65 km.). 

‘The operation of R.A. R. to control hydrographic surveys is now « 
outine procedure. ‘The position af the survey ship is fixed regularly 
by R.A. RB, at intervals of 10 minutes or less with as much casualness 
As if three-point sextant fixes were being used, 

‘The positions of the receiving stations aro plotted on a projection, 
just as the positions of triangulation stations are. Because of the long 
Aistances ordinarily involved, the distortion which occurs in n plotting 
sheet’ made of even the best drawing paper hus considerable effect. 
For this reason, a number of uniformly spaced concentric circles are 
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drawn on the sheet from etch R, A. R. station at the time the projection 
ismade. 

‘The position of the survey ship can be plotted with a beam compass, 
by swinging distance or time ares from the respective receiving sta 
tions, but setting the beam compass with reference to the nearest of 

















‘Puucam3.—An aren surveyed in 1999 by railo Reoustle ranglteg (R.A.T), showin 
‘the sono-radio buoys and ordinary buays uked to control the Kydrography, "The 
Vines of buoys were Located by tautwire traverses bit yonie of the outer 
Tiowt sono-radlo buoys werw located by K. A. R. dlatances Legend: @ ordi- 
AFF aurvey buoy; © sono-radlo buoy; 4 triangulation station; € sextant 
fix; — tautwire monsurement; ——.—_. RA, R distance. 


the concentric circles. ‘Pho position of the ship is at the intersection of 
the ares. Positions can also be plotted by using » special circular 
celluloid protractor, 

R.A. R. was orizinally adopted to contre! hydrographic surveys be. 
yond the visibility of shore signals or where survey buoys could not be 
used. Sineo its use, however, does not depend on visual observation, 


238 «ANNUAL BEPORT SSOTHSONIAN INSTITUTION, 1944 


it is equally usable at night, or in fog. Survey ships of the Const and 
Geodetic Survey, using R.A. R., have surveyed cantinuously 24 houra 
a day for periods of 10 days at.a time. 

Some statistics of a survey controlled exclusively by R. A. R may 
be of interest. ‘They are from an offshore survey in the vicinity of 
Nantucket Shoals off the northeast Atlantic coast of the United States. 
These surveys were plotted on one 1:60,000 scale shect and two 
1; 120,000 scale sheets. Sono-radio buoya were used for receiving 
tutions at 24 different locations. ‘The surveying was done between 
May 2 and September 28, 1930. ‘The area surveyed was 8,562 square 
statute miles (22,176 eq. km.), and the total Jength of sounding lines 
was 10,406 statute miles (10,892 km.) ; 5,506 bombs of various sizes 
‘were nsed, made from 3,511 pounds of TNT and 4,170 feet of fuse. To 
obtain the required tempersture and salinity data, serial temperatures 
‘were observed at 135 different places. ‘The positions of the sono-radio 
buoys were determined by taut-wire traverses, in connection with 
which ordinary buoys were used at 60 different locations, in addition 
to the sono-radio buoys. ‘The total number of working days was 101, 
including 18 days used for placing or picking up buoys and running 
the taut-wire traverses for their locations. ‘The survey vessel ran a 
total distance of 16,451 nautical miles (30,543 km.) for all purposes 
during the survey. 
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THE DAVID W. TAYLOR MODEL BASIN * 


By Tiein ADMiaat. Heunexr $, Howann, V, SN. 
Director, David W, Taylor Modet Baxin 
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‘The largest and most completely equipped ship-model testing and 
experimental plant in the world operates directly under the Bureau of 
Ships of the Navy Department. 

This plant, the David W. Taylor Model Basin, staffed by « highly 
trained and capable group of officers and civilian technical und shop 
personnel, has as its basic function the solving of problems concerning 
the design and operation of naval vessels by testing models in water 
under controlled conditions, Included in its work wre the determina 
tion of the speed and powering of ships, Inunching, stability, nction in 
waves, turning and maneuvering, and propeller design. Besides ques: 
tions of puro ship design and form, the problems presonted for solution 
cover the field of mine-sweeping devices, paravanes, and torpedoes; in 
fact, everything which has to do with forma which move through the 
wator, 

In nddition to the proceding problems, special problems of struo- 
tural design of ships compris x major activity of the plant. ‘Thwse 
probloms cover all manner of special! questions relating to the strength 
of ships and their parts, the resistance of ship structures to underwater 
explosions, structural vibration, and the effect of shock, and the elimi- 
nation of such vibration and shock effects. 

In genoral, the chiof function of this organization ut present is to 
give the earliest possible soltitions of answars to the wartite problems 
submitted to it. Research, which has been and is being coritinnotsly 
carried on, gives the buckground of knowledge which makes it possible 
to undertake and furnish the solution to these urgent problems. 

Although the Model Basin operates directly under the Bureau of 
Ships, work is carried on not only for that Bureau but for all branches 
of the Navy Department, whether for the Commander in Chief hime 
self or any of the technical bureaus. Wotle is alto dono for other 
branches of the Government, notably the United States Maritime 


‘“Hepeinted dy permaton from Zeurnal at Applied Physics, vol, 18. No, 8, March 1946, 
230 





240 9 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1944 


Commission, and for private companies and individuals, this practice 
fulfilling the requirements of the act which created the establishment, 

‘The construction of the Taylor Model Basin was authorized by Act 
of Congress of Muy 6, 1936. ‘This act gave authority for the purchase 
of a suitable sito and the construction of a new model basin establish- 
ment for the United States Nuvy. This was to replace and extend the 
work of the original Experimental Model Basin which had been in 
service at the Washington Navy Yard for nearly 40 years. ‘The old 
experimental basin had become too small to carry out its work for the 
Navy and private individuals, and its equipment was, moreover, be- 
coming obsolete. 

‘To commemorate the work of that officer who had been responsible 
for the original Experimental Model Basin and under whom that basin 
had operated for the greater part of its existence, the Secretary of the 
Navy directed that the new establishment be known as “The David W, 
‘Taylor Mode! Basin” in honor of Rear Admiral Dayid Watson Taylor, 
Construction Corps, United States Navy, Retired, former Chiet Con- 
structor of the Navy. 

‘The location chosen for the new establishment was in the valley of 
the Potomac some 12 miles from the center of Washington. This site 
was selected not only because land was available but principally be- 
cause three basic requirements were fulfilled. First, solid rock was 
at the surface in this location; this meant that the foundations for the 
rails of the towing carriages of the basins could be carried down to 
solid rock and the extremely accu alignment needed conld be prac- 
tically guaranteed. Second, an ample supply of clean fresh water 
necessary for the testing basins was available, since the main conduits 
to Washington were close nt hand, Finally, the location was away 
from heavy trafic which might disturb the alignment of the towing- 
carriage rails and their foundations, but it was still fairly close to the 
Navy Department which permitted easy communication and frequent 
visits, 


‘The new establishment was planned and Inid out by Capt. H. EB. 
Saunders, who had been stationed nt the old Experimental Model 
Basin for a number of years. Based on long experience there and 
reports from model basins the world over, the new model basin was 
planned to provide not only the best. and most up-to-date facilities and 
‘equipment for model testing, but in such size and capacity as to ensure, 
as far as conild be foreseen, that it would meet all noeds of the Navy for 
many years to come, 

‘The actual design was undertaken in 1933-34 by the Bureau of 
Yards and Docks of the Navy Department and construction was 
started in September 1937. The basins were filled with water in March 
1050 and the plant was completed in July of that year. Because of the 
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Jong time required for luying the earringe tracks and for making other 
preparations, the principul activities were not transferred from the 
Navy Yard until November 1940, 

‘The original conception of this establishment, as indicated by the 
authorizing act, was that it should be constructed to investigute und 
determine the most suituble and desirable shapes and forms for naval 
vessels and to investigate other problems of ship design. Thus 
primarily the establishment was designed and equipped to carry out 
experimental work on the forms of ships’ hulls and to estimate the 
power required to drive them, with w secondary interest in other fea- 
tures of design. ‘This original conception has almost been lost sight 
of in un expansion and growth far beyond the fields originally con- 
templated. ‘The war hiss naturally been principally responsible for 
this great expansion, Under the lending of “underwater forms and 
propulsian” the work has expatided until it has come to cover the 
proper form or shape of almost:uny body which is propelled, towed, or 
Projected on or through the water; while under the secondary heading 
of “other problems of ship design” the expansion has been £0 brond in 
the fields of structural strength, shock vibration, underwater explo- 
sions and related subjects that the primary and secondary objects of 
the original establishment have almost changed places 

‘The outstunding features of the Taylor Model Basin are its test 
facilities, which are unusual both as to types and asto size und capacity, 
For an understanding of the work undertaken a general description of 
the physical plant and these facilities is necessary. 

As a testing establishment the Taylor Model Basin was made large 
enough to house equipment which would accomplish each of the vari- 
ous types of research on models with the greatest degree of accuracy 
and reliability. 

Physically the establishment consists of three buildings: » main 
building 871 feet by 54 feet; lying parallel to it, « basin ‘building 1,380 
feet long; and a wind-tunnel building. ‘The main building houses in 
its central section the offices, drafting and computing rooms, record 
storage vaults, a library, « photographic laboratory, and a museum, 

‘The western section of the building contains the shops where wood 
and metal models, mechanical devices, instruments, dynamometers, 
and other special equipment are made. 

‘The eastern end-of the main building constitutes the laboratory. 
An this Inboratory are located the 12-inch and 24-inch variuble-pressute 
‘water tunnels, 30,000-pound snd 600,000-pound universal statie-load 
testing machines, and = 150,000-ponnd alternating-load testing ma- 
chine, and other equipment. 

‘The basin building is unique in its appearance, because of its barrel- 
urch roof 1,188 feet long, Instead of a single large model basin ike 
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the old one at the Washington Navy Yard, thers are four separate 
model basins each designed for a particular line of work. 

The principal large deep-water basin is 963 feet long by 51 feet wide 
by 22 fect deep. Here models of large ships are towed or self- 
propelled, This is the largest basin of its kind in the world, 

Joining the large basin is a shorter shallow-water basin 303 feet long 
by 61 feot wide by 10 feet deep. The depth can be varied at will to rep- 
resent rivers, canals, and channels of limited depth and width. In 
this basin models of tugboats, barges, river craft, and other types of 
shallow-water vessels are 

Forming a continuation of the west end of the shallow-water basin 
is a J-shaped turning basin, for testing the maneuvering and steering 
characteristics of models, Ins special enclosure over this basin, 
accurate photographic observations of the models under test are made 
with a group of cameras about 40 feet overhead. 

‘To the north side of the large basin there is a high-speed basin 1,168 
teot long by 21 foot wide by 10 feot deep, for the testing of models of 
high-speed motor boats and seaplane hulls. Incidentally, the site is 
large enough to permit the extension of this basin to mare than twice 
its present length to meet requirements of the future, 

In the basement of the main building is a small basin, 142 foet long 
by 10 feet wide by 546 feet deep, for the testing of special models and 
for unusual research problems, 

‘The towing carriages, which span the basins and operate on the 
precision-laid rails atop the basin walls, furnish the moans of testing 
the model. The heart of « towing carriage is the dynamometer, 
whieh with its related recording instruments measures the farces 
arising from the motion of a mode} through the water, 

‘Two carriages are now in operation—carriage 1 over the deep-water 
basin, and a special quiet-running carriage with wood frame and pnow- 
matic-tire wheels over the high-speed basin. Under construction, and 
tobe placed in service during 1944, are carriages for the shallow-water 
basin and the high-speed basin, ‘The last carriage will have a top 
speed of 24 knots. 

‘The carriage which now operates on the deep-water basin is typical. 
‘The specifications it must fill are exacting: « testing speed range of 
from 0.1 to 18 knots, the selected speed to be constant during an 
8-second measuring run within 0.01 knot, » rigid-frame structure to 
span the 51-foot distance between the basin. walls without permitting 
disturbing vibrations or deflections at the midspan where the mensur- 
ing instruments are located, absolutely straight-line motion of the 
towing point where the model is attached to the carringe, a dynamome- 
ter to measure the model resistance during the measuring run to within, 
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0.01 pound but rugged enough to handle the forces on large, 90-foot 
battleship models at full test speed. 

‘Two variable-pressure water tunnels, designed primarily for testing 
model propellers but also used extensively for special hydrodynamic 
tests, are among the unusual facilities, Each water tunnel consists of a 
closed duct circuit arranged in 2 vertical plane, in which water is 
circulated ata known speed. In the lower limb of the apparatus is a 
motor-driven impeller which circulates the water, and in the upper 
limb is the test section, fitted with glass ports for visual and photo- 
gnaphio observation of the propeller being tested in a jet of water of 
uniform velocity and turbulence. ‘The diameter of the jet nozale is 
Winches for one of the water tunnels, and 24 inches for the other, 

The model propeller is mounted on a motor-driven shaft projecting 
into the test chamber, ‘The thrust and torque of the propeller at vari- 
‘ous speeds of revolution are measured by a dynamometor. Water 
speeds in the 24-inch tunnel up to 35 knots are available. 

‘Vacuuin pumps lower the air pressure above the water in the test 
chamber of the tunnel, in order to create an absolute pressure on the 
model propeller corresponding to the combined effect of stmospherie 
and water pressure on the propeller of the full-sized ship. Under these 
conditions, the phenomens of cavitation occur on the model propeller 
80 that the test accurately represents the behavior of the full-scale 
propeller. Cavitation is the formation of water-vapor cavities, or 
“bubbles,” om the propeller blade surface, caused by high loading and 
consequent serious reduction of pressure on th back, or “suction side” 
of the propeller. Eficieney suffers when cavitation occurs. Cavita- 
tion effects are studied by means of stroboscopic illumination of the 
propeller being tested, and these affects are recorded by. high-speed 
flash photographs, of 1/30,000-second exposure. 

Tn the laboratory building there are located two large machines for 
testing structural specimens, both full-size and model scale, One, the 
180,000-pound alternating-load testing machine, tests beams, columna, 
riveted and welded joints, and other structural members in alternate 
compression and tension over long periods of time, to discover the 
manner, Joading, and number of cycles to failure in fatigue. 

other large testing machine is « universal static-load testing 
maachine with 600,000-pound capacity in either tension or compression. 
Stress-strain data, yield point, and ultimato strength of w wide variety 
of structural specimens may be obtained with this apparatus. 

One of the most unusual and recently completed facilities is the test 
pond for underwater explosion tests. This is « pentagonal pond, dug 
partly out of the solid rock and partly formed hy bnilt-up rock em: 
bankments. It is roughly 150 feet across and will carry water to. 
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depth of 25 feet. In this pond research investigations of underwater 
explosions and explosive tests against models of ship structures are 
carried out, 

Information can be obtained on the trajectories of model bombs and 
torpedoes after impact with the water surface by experiments made in 
the new transparent-wall tank, using high-speed motion pictures to 
record the paths of the models. The new tank has glass windows 
forming one side and one end; it is 25 feet long, 9 feet deep, and 44 
feet wide, filled with continuously filtered, crystal-clear water to insure 
clear ‘The windows are’ three-quarters of an inch 
thick “tempered” glass, four times a strong as ordinary plate glass 
of the samo thickness, Intense photographic illumination is necessary 
to obtain good film records of the objects moving through the water; 

The circulating-water channel, now nearing completion, is an 
unusual hydraulic testing facility, both as to type and size.” Essen. 
tilly it consists of an open-top test section 22 fect wide and 60 fect 
Jong in which a stream of water 9 feet deep flows at a maximum speed 
of 10knots. ‘Tho object under test will be held stationary in the moving 
stream and the forces exerted hy the water measured by suitable dyna- 
mometers. The walls and bottom of this channel contain windows 
Approximately 4 feot by 144 feet through which both visual and photo- 
‘graphic observations can be mada, 

The chief advantages obtained by testing in the circulating-water 
channel are that the object undergoing test can be viewed and photo- 
graphed from ll sides and that the tests may be curried on for'an 
indefinite period without stopping as at the end of a straight towing 








run, 

‘The objects tested in this channel will consist of ship modela, torpedo 
shapes, mines, and special devices which cannot be tested as well by 
towing instill water. ‘The water channel will complement the existing 
turning basins and water tunnels but will not supplant them, 

Tn order that such a large stream of water may be circulated at con- 
stant speed with uniform flow thronghont the test section, a structure 
bout 150 feat long and.45 feet high is required. ‘The water is pumped 
through the channel by two 1214-foot-diameter propeller-type pumpa 
driven by direct-connected 1,250-horsepower electric motors. ‘These 
motors rotate at constant speed and the rate of flow of the water is 
regulated by adjusting the pitch of the propeller blades while running, 

The wind-tunnel building is located to the west of the main building. 
It contains two steel wind tunnels, each with a closed rectangular test 
section 8 feet by 10 feet, and with single return passage, ‘These tunnels 
are equipped with 4-bladed, 16-foot-dinmeter wooden propellers, one 
driven by s 1,000-horsepower motor, the other by a 700-1 
motor. These motors are controlled by the Clymer aystem which per- 
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mits speed control within plus or minus % percent, Air velocities can 
be varied from approximately 10 to 220 miles per hour. Six precision 
scales automatically record the three motuents and thie forces on the 
model, A seventh ecale records the wind velocity. 

‘Airplane moilels up to &-feet wing span can be tested both for normal 
performance characteristics and for stability in yaw; two separate 
aystems for supporting the model are used for these two types of test. 
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Wnucue 1—Chart showing the organization of the David W. Taylor Model Basin, 
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At tho present time tests for the Bureau of Aeronautics are still 
carried on principally in the old wind tunnels at the Washington Navy. 
Yard, but within a short time the new tunnels will be actively 
operating. 0 

‘The organization of the Taylor Model Busin is shown on the cliart, 
Rear Admiral Herbert S. Howard, U. S, N., is director; Capt, Harold 
E. Sounders, U. 8, N., who laid out the establishment and was in 
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charge of the entire work of preparing the facilities for 
is technical director and head of the technical division; and Capt. 
W. C. Mehaffey, U. S. 8. R., is executive officer and production officer. 

‘The heart of the organization and the reason for its existence 
rest in tho technical division. ‘This division is divided further into 
three main divisions: hydromechanics, structural mechanics, and 
acromechanics. 

Each of these divisions is headed by a senior officer, with officer 
assistants, specially trained and qualified for this particular work. 
‘The civil technical staff is of the same high caliber, the nucleus of this 
staif possessing a national and international reputation in this highly 
specialized work. 

In the hydromechanics division the principal work falls within the 
field of ships’ lines, propellers, and underwater forms such as mine- 
sweeping gear und torpedoes, After the technical design of a device 
is completed, model is built to scale, in order to carry out the test 
necessary to check the form and to determine the power needed to 
prope! or tow it; the test is made in one of the various model basins, 
‘The procedure in a typieal test of a ship is as follows, 

‘The usual ship model is about 20 feet long, hollow, and fashioned 
from layers of wood glued together. It is carefully shaped to represent. 
the outer surface of the ship's hull, to exact scale, from keal to deck. 
‘The model is complete as to its underwater form, with rudder, propel- 
lors, shafts, struts, bilge and docking keels, but without upper works, 

‘The model is first towed, non-self-propelled, over one of the main 
Basins by the carriage whieh has already been described. 

In making a towing run the earriage starts from rest, und smoothly 
and gradually sequires the speed necessary for the test. When the 
carriage is towing the model at a uniform rate at the desired speed, 
and the model is producing its characteristic wave formation, the 
actual resistance of the ship model in pounds and hundredths of a 
pound is measured, 

Later n second, self-propelled test is run, in which the model is 
riven under its own power along the basin with small model propel- 
Jers. Small electric motors installed in the model, one motor to each 
shaft, operate the propellers. An operator on the towing carriage to 
which the model in attached regulates the speed of the model ship. 
‘From the tests so made, calculations give the corresponding resulis for 
the full-sized vessel. 

Under the hydromechanics division is also carried out the design of 
Propellers in connection with the Bureau of Ships, and the testing of 
model propeliers based upon these designs, These model tests are 
made in one of the two propeller tunnels already described. 
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‘This division also carries out full-scale special tests aboard ships of 
the fleet, usually at the time of their trials, such as turning trials to 
determine the track of a ship under different conditions of speed and 
rudder, 

‘Tho structural mechanics division is concerned with all questions of 
the strength of ships' structure, vibration, and related subjects, ~ 

‘The work in structural mechanics st the model basin had its incep~ 
tion a number of years ago in the thought that if the performance af 
full-sized ships could be accurately forecast through experimental 
work with models in a model basin, it should equally well be possible 
to forecast the performance of the structure of ships by the use of 
necurately constructed models, with proper technique in carrying out 
the tests. This would permit guining knowledge as to the performance 
of such structures long before a ship itself was finished. 

‘This work was started with elementary models of the hulls of ships, 
and sectional models of the hulls of submarines. Proving successful, 
it has been continued to the present time, until it now includes deck 
and bottom structures, turrets and their foundations, and similar 
projects, 

‘The next problem undertaken in this field was the resistance of the 
structure of ships to underwater explosions. It was soon found that, 
for this work to be effective, fundamental knowledge must be gained 
as to the nature of the underwater explosions themselves. With the 
construction of the new Taylor Model Basin an extensive research 
program was taken in hand to investigate the effect of the explosion of 
‘small charges against simple diaphragms, and also to study the explo- 
sions of charges themselves, by the use of extremely high-speed under- 
water motion photography. From this researeh, information is being 
gained as to the nature of explosions themselves, and their effect upon 
the structure of ships, 

A third most important work of this division is that of investigating 
vibration of ships’ hulls and structural foundations, including support 
of instruments and other equipment aboard ship, Some of this wark 
is done at the model basin but « large part of it is carried out aboard 
newly commissioned ships of the fleet when undergoing their first 
high-speed runs and gun-firing trials 

‘The work of the aeromechanics division, including the operation of 
the two new wind tunnels, is concerned principally with wind-tannel 
teats of models of new designs of airplanes for the Bureau of Aero- 
nautics of the Navy Department, and with tests to determine the effects 
‘of modifications to improve the performance of existing designs, 
Wind-tunnel tests are also made for the Bureau of Ordnance, and 
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other government departments, to assist them in special problems 
requiring aerodynamic information, 

‘To construct the various types of models which are used in the inves- 
tigations which have been described, two separate shops, one woods 
working, the other metalworking, form an integral part of the estab 
lishment. ‘The former exists particularly to manufacture the wood 
models of ships, aircraft, or other forms which nre tested, while the 
Intter constructs all special equipment, instruments, and other goar as 
well as any metal models used in the tests in the establishment, 

In its higlily technical work which, in many of its aspects, involves 
the measurement of infinitely small units of time, stress, and motion, 
the Taylor Model Basin has taken a leading place in the development 
of special instruments. As two examples in the field of instrumenta- 
tion in which the organization has become preeminent, the work in 
ultra-high-speed motion pictures and electronics should be mentioned. 
"The basin has taken a leading position in the development of high 
speed motion-picture equipment and technique to record the details of 
lightning-fast phenomens such as shook and explosion, and also in the 
dovelopment of electronic measuring instruments accurately to record 
super-high-speed events such as the pressure curve of an explosion, or 
to measure infinitesimally small changes in displacement for obtaining 
data on vibrations and strains in stractures. 

From the preceding paragraphs it can be seen how Jarge a part the 
work at the Taylor Model Busin plays in the technical side of the war 
effort, Every new design of ship, from aircraft carrier to landing 
barge, is checked and tested as to its form and power; minesweepiniz 
gear, insofar as its performance in water is concerned, is tested and 
run in model or full size; special weapons and devices which operate 
in or on the water are designed as to their hydrodynamic features; and 
the vibration of new ships and their ability to withstand shovk aro 
investigated. ‘The list could be multiplied indefinitely. 

‘This general description of tho work undertaken and now under way 
at the Taylor Model Basin, and tho special items listed, would not be 
complete without comment upon the quality af the technical reports 
which make available for use the actual results from these tosts and 
projects, No matter how thorough and complete the technical studies 
fand tests themselves may be, if they are not go written up and presented 
as to be understandable and clear for the nso of the ollicinls for whom 
tho tests and studies are made, they might as well not have been made 
atoll. Particular effort has boon made in’the preparation of better 
and clearer reports by progresive development of reproduction math- 
ds, Iny-out styles, and writing technique, so that those reports may be 
readily understandable by those who desire to use'them. "The success 
of these efforts has heen made evident in the widespread demand for 
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‘Taylor Moilel Basin reports throughout ¢his country and abroad as 
well as by the vations agencles of the Navy itself, 

At present every effort of the Taylor Model Basin staff and its facili- 
tios is being applied to the one end which is to contribute to the 
maximum of their abilities to the early winning of the war, Pure 
research must take a secondary place, but it is only through the pure 
research carried on in peacetime and the skill so developed in the 
solving of similar problema that quick and correct answers can. be 
found now for the urgent problems of the war. 

‘The interest of the country in research lus inerensed greatly in these 
most recent years. It is greatly to be hoped that when peace comes 
again this interest will not lag but will continue so strongly that this 
establishment may continuo to operate at its full capacity, so that 
through thy more extensive pure research then possible, technical 
improvements in the design and construction of our ships and naval 
weapons may increase. ‘Thus, should war ever again be forced upon ts, 
we may fee] that we have kept ourselves prepared to meet the technical 
problems of that day. 




















RESEARCH FOR AERONAUTICS—ITS PLANNING AND 
APPLICATION ?* 


By W. 8. Pauxx 
Director, Royal Aircraft Belablishment 


INTRODUCTION 


‘The exceptional circumstances of the times make it impossible for 
me to observe the lotter of what I know is the Institnte’s wish in the 
. choice of a subject, though I believe Ican conform to it in spirit. The 
Institute desires that the lecturer shall deal with some scientific or 
techinieal subject on which he is, or has been, personally enguged, and 
shall not indulge in broad surveys. ‘There will come a time when the 
lecturer's chief difficulty will be to choose from the embarrassingly 
rich store of knowledge which has accumulated during this war. But 
for the time being the door of that store cannot be opened in public. 
Moreover, I doubt whether the part that I have played in a large 
number of fascinating and exciting investigations during the last 
4 or 5 years is such that I could fairly deprive those who have done 
the work of the privilege of speaking about it, This is a difficalty 
that has always faced those who hold stich positions as mine, and one 
of which your Couneil were no doubt well aware when they invited me. 

Thave long been concerned with the problems that arise in applying 
the advanoes in knowledge which research for scronmatics has brought 
us and swith the problems of planning the course of current research 
and of providing appropriate and timely resources for futare research, 
Theliove that these are matters that might with advantage be surveyed 
a4 a whole, in a scientific spirit, Moreover, I bolieve that the subject * 
can usefully be treated in « purely personal way, and I have throngh- 
out drawn on my own experince, 

From this it follows that any conclusions I draw apply only to the 
circumstances in my own country, or rather to my own interpretation 
of what they have beon and may be. It will bo for you, not for me, 
to say whether you find them in any way rolovant to ciroumstances 





Tho seveuth Weight Brothers lecture, presented before the Institute of the Aeronitiont 
‘Schenewe tm the U. 8, Chamber of Coumures Auditorium, Washington, D.C, December £7, 
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in the United States. But tho intimate rolations that have existed 
hetwoen workers in America and in England, in the field in which 
my interests and responsibilities lie, wive me the courage to believe that 
‘summary of my experience may be of interest to you, and worthy of 
this occasion, 

THE AIM OF RESEARCH 

Research is one of the things we all understand but find difficult 
to define. In the foreword to 4 recmt pamphlet. on Industrial Ro- 
search, Sir Harold Hurtley defined it as “a hubit of mind which makes 
us attack every problem, big or smull, in an orderly, systematic way, 
using if possible the udvantages that modern science can give us” 
T remember Lord Rutherford, in» charactoristically expansive and 
emphatic mood, using almost the same words. I invite you to note 
the two words “if possible.” There are limits to whnt “modern selence”™ 
can do for us, Tn research, as in other human activities, we depend » 
good deal on our wits. ‘There is limitless opportunity for intuition 
‘ind initiative. 

The nim of research is to produce a theory firmly supported by 
experimental evidence. Though necessarily incomplete, it must be 
‘4 close enough approximation to serve the man who has to. make 
things work. I trust you will not infer from this statement that T am 
interested in research only for what I can get out of it, Thave known 
the thrill of working solely for the fun of it, But I am interested, 
for the time being, in research with a clear and unmistakable objec: 
tive—the discovery of how to make better aircraft, Tt ismy experience 
that, for such revearch to be not only-frnitful but tiniely, it is essential 
that the practical problems involved in its eventual application shall 
alvwnys be cleer to those who are doing it ‘This need not in any way 
reatrict their freedom, Indeed, they can gain immonsely from contact 
with those upon whom the burden of applying their work is placed. 

‘The theme I havo taken is indeed that it is only by intimate and 
‘wholelwarted collaboration between the research worknr, the designer, 
the constrictor, und the user that research can be intelligently planned, 
pursed, and applied. 





‘THE INDEPENDENT WORKER IN RESRARGH 


Asa preliminary I propose to give you an example from say eatliot 
experience which T feel puts the point as it appeats to the independent 
research worker. 

Thave been personslly concerned with research in flight for nearly 
80 years. ‘The two chief nerodynamic problems hava been, and still 
far, the reduction of drag and the improvoment of stability and con- 
trol. ‘Throughout, these problems havo been attacked in the Hight of 
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the practical questions thrown up by continuous. contact, on the one 
hand, with those who design and build airoraft and, on the otber, with 
those who use them, In my experience it has been this intimate refa- 
tion between the three parties which hus made this work so continn- 
ously exciting and, I believe, profitable, On looking back I cannot find 
any example that convinces mo that we shoulil have moved more 
quickly or more certainly had work on the fundamentals been divorced 
from that on problems of the moment. 

Te is true that ut times, while we were developing our theory, we 
had the advantage—and this adds to my point—of individual work 
going on in flight, under conditions which I now believe to have been 
ideal. When T was one of the team who worked on these subjects-at 
Cambridge, we often felt. that we could do more, or do it more quickly, 
if only we had more of something—mm, airplanes, workshope—but 
chiefly more hours in the day. In truth, I think we did as much as was 
physically possible without enlarging our organization, and, if we had 
done that, our work would have changed in character and would, 
believe, have heen less effective. That it had effect, and quickly, was 
due to our close relation with the establishments thut hud the necessary: 
resources to exploit it for practical purposes with which they were 
intimately acquainted. ‘They seized it and rapidly developed it. Its 
practical effect can now bo seen: not only in many aircraft but in the 
rvsearch equipment and programs of work. 

‘You will remember Sir Melvill Jones's first Wright Brothers lecture, 
in which he described some of the work I have just referred to on the 
boundary Jayer. From my own shure in that work I cari say that we 
were profoundly excited by the problems themselves nnd by the fasci- 
nation of trying to solve them by experiments in flight. But we were 
stimulated, and all our discussions were illuminated, by the realization 
of the potential spplication of their results. “This we obtained from 
onr constant personal contacts with the experimental establishments 
and with aircraft designers. 

‘Thus my experience leads me to the conclusion that, while there 
should bo no explicit attempt to divorce work on basic problems from 
that on immediate ones of narrower range, the fullest encouragement 
innd practital support should be given to independent workers. Wlist 
form this should take I hesitate to define, My own preference is not 
for large endowments to institutions in the hope that they may attract 
good mon. T would rather make. generous finance available through 
some semi-independent advisory organization when the need is made 
clear by the development of the work. This mny be either in cash or 
inkind. We at Cambridge had very little money, but the country 
supplied us with airplanes and maintained and renewod them. My 
only concern is that the ponderous workings of the machinory of goy~ 
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emment, when finance is involved, may result in the easential help 
coming too late. One day we shall learn to trust our scientific advisers 
with a reasonable fraction of our money on a block-grant basis and 
ask no account except at longish intervals, 


RESHARCH ON A LARGE SCALE 


I come now to that class of research for aeronautics whoue scale is 
such that success depends on planning of large experimental resources 
‘nud on planning so that application to practice may meet the foreseen 
needs of design and its capacity to exploit new discoveries. 

We must, in my view, plan research for aeronautics in three phases. 
First, we must relate all our main effort to advances in basic theory. 
Odd pieces of information without « clear, strong framework are 
worth little. Second, we must provide the experimental information 
by which theory may be built up and its limitntions recognized and 
reduced. Third, we must etisure that experimental application is 
made in such conditions that the practical value of the theory is 
confirmed. 

‘There are three chief parties to this undertaking: first, those who 
are by trade workers in the field of theory and those who have the 
flair for the associated exploration by experiment; second, those who 
make use of the results in the design and construction of. aircraft; and 
third, those Who use the aircraft and on whom we rely to exploit the 
product of the efforts of the first and second. ‘The extent to which 
these should enter into planning of research can be illustrated by an 
example—the problem of reducing the cooling drag of power plants, 

‘That it is possible to reduce the power wasted in cooling an airplane 
power plunt to 2 percent or less of the brake horsepowar was eatab- 
lished many years ago. -Indeed, it was shown that at fight epeeds that 
were then within sight and liaye now been passed the cooling could be 
‘ade to help to propel the airplane. But the cooling of a power plant 
isa matter that goes far beyond broad conceptions of this kind, It 
inyolyes complex flows of air and liquids, demanding regulation to 
moet the varying conditions of flight and high standards of reliability 
in functioning and of easo of maintenance, which ate of the greatest 
concern to the user, 

‘Tt was not until other developments had reduced the rest of the drag 
so much that the power-plant drug was n dominating factor that the 
designer becaine convinced that the problem demanded his serions 
attention. Ho succeeded in producing cooling systems that 

have a much lower drag. The usor accepts 
the slight additional embarrassment to maintenance in return for the 
higher speed and greater range, 
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But the practical problems of achieving the full result ate still only, 
partially solved. Few power plants will stand up to critical examina 
tion on such points us low-loss ducting or airtight cowlings. It is 
difficult engineering problem to design and make such features at the 
same time light and easily removable and replaceable without damage. 

‘Throughout the whole history of this development there has been 
intimate association botween the thres parties chiefly eoncemed. But 
in my view’ we can now see that a better planning of the enterprise as 
a whole would have saved much time and waste of work, In particu- 
lar, an earlier realization by the designer of the outstanding advance 
that was within his grasp would have brought him to a closer coopera- 
tion, on strictly practical lines, with his only source of specific infor- 
mation—the research establishments. ‘They in turn. were buckward in 
that they did not provide themselves with the right material by which 
alone convincing information, directly applicable to practical prob- 
lems, could be obtained. This is a case in which I believe the enlight- 
ened usar, if correctly udvised, could have foreed the pace. 


A SURVEY OF 25 YEARS ACHIEVEMENT 


‘The final criterion of our success in using the knowledge with which 
we have been supplied is the extent to which the product of our efforts 
has improved os time hus passed, ‘The curve of wdvance ia not a 
smooth one, Over longish periods we often see little beyond » slow 
rise in achievement, and we tend to believe that there is little mote to 
be expected. Then there comes something in the nature of a trans- 
formation. It is often uscribed to a single cause and, generally, one 
can say that there is an outstanding stimulus. But if we compare the 
final product—in this ease, the airplune itself—before and after tho 
event, allowing a long enough time for the situation to reach a fairly 
stable state, we can make a fair assessment of the relative weight of all 
the influences which have contributed to the change. I believe such 
an examination of the advance of the airplane between say 1917 and 
1042 is useful in providing us not only with a means of examining how 
far we hnve been successful in using the results of research but also « 
guide to the part played by sheer engineering skill and initiative, 
Finally, it may serve us.n base from which we may survey some of the 
Potentin! advances that are now opening out to us wnd judge what 
fesources we shall need in order to achiove thom, 

T hall tale two typical aircraft that wore in general and successful 
use in 1917 and compare them with two modern aireraft of similar 
duties, Naturally there are striking differences, and we shall find no 
difficulty in tracing them to their sources. But perhaps equally strik- 
ing aré the characteristics that have apparently undergone little 
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lange. I think, however, that we shall see that the effort to preserve 
them unchanged has made as high « demand on researchand engi- 
neering skill as that required to produce the more obvious improve- 
‘ments, 

Daring the last war the Roya! Aircraft Fuctory (which beeame the 
Royal Aircraft Establishment in April 1918) produced many designs 
for aircraft which were constructed in large numbers. One of the most 
successful was the S. E. 5, single-sent fighter with a 180-hp. Hispano 
Suiza engine, It had x creditable history as fighter. I propose 
to compare it with a Spitfire. Then T shall take the Handley Page 
0/400 twin-engined heuvy bomber and compare it with a Lancaster, 

I shall not be giving away any information to our enemies, ‘They 
are well acquainted, in more ways than one, with both Spitfires and 
Laneasters. Some of them may even remember the 8, E, 6 and the 
0/400, For my purpose it is quite sufficient to take examples of marks 
of the modern types whose performance has long been 

Lot us first lool: nt them in general outline. Figure 1 shows the 
1917 Hghtor. In Figure 2 its specifically military features have dis- 
appeared and around it is the outline of the Schneider Trophy 
streamlined monoplane, the essential product of the period between 
the two world wars, Figure 3 shows the 1949 fighter, In Figures 
4,6, and 6 is shown the transition from the 1917 bomber, through the 
streamlined airliner, to the 1042 bomber, The most obvious differ- 
ences are the change from biplane to monoplane. and the general 
cleaning-np due to enclosing tho crew, abolishing external wing 
bracing, and retracting the undercarriage. Comparing ‘them type 
by typo, the over-all dimensions are not very different. ‘The Spitfire 
has the same wing surface as the 8.E.5, about half the drag, nearly 
twice the strength, three times the speed, four times the total weight, 
four times the military lond, and seven times the power. Tho Lan- 
‘caster hias about half the drag of the Handley Page 0/400 on the same 
span of wings and about three-quarters the wing surface. Its total 
‘weight is nearly five times as great; the wing loading, over six times; 
the power, seven times; and the military load, with a 25 pervent 
greater range, over eight times, Let us inquire how some of these 
improvements have been made. 


DRAG REDUCTION 


The change in drag coefficient Op, is of first interest, I have not 
found it possible to get uccurate figures for the older nitcraft, but 
they are approximately 0,039 for the fighter and 0,046 for the bomber. 
‘The corresponding modern figures are 0.022 for the Spitfire and (1030 
for the Lancaster, ‘Thus; per square foot of wing surface, the total 
drag has been reduced to about 55 und 63 ‘percent of the 1917 standard, 
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Comparing the two fighters in more detail, we find first that the 
wing surface is the same for both. Disregarding indneod drag (or 
assuming it to be the same frnction of the whole in each), the top 
speed at the same height will be proportional to the cube root af 
the thrust power divided by the drag coefficient. Since the pro- 
peller efficiency is néar enough the same for both, we may use brake 
power, Taking ground-level powers in both case—180 hp. for the 
Hispano and 1,250 for the Merlin—the ratio is about 7, Thus the 
contributions to increuse of speed are: 


3 039% 
by reduction of drag Ge) 
by increase of power (7)! =102 
‘The product of these figures is 2.33, 
IE we assume that by supercharging it is possible to keep the Merlin 


power constant up to say 25,000 fect, where the density is approxi- 
mately halved, we shall get a further rise: 


by supercharging?(2)'* = 1.26 
"The total ratio of increase is therefore nearly 3. 

At this point I feel that the engine people are feeling very pleased— 
and we have good reason to acknowledge the success of their effort. 
But these figures as they stand do Jess than justice to the aerodynamic 
contribution. All the cooling required by the seven-times incrensed 
power has been provided und yet the aircraft has no more than half 
the drag per square foot of wetted surface. 

‘How have these improvements been made? Let us look first nt 
the drag account (table 1), ‘To the saving of 47 pounds, the most 
obvious contributions are from the elimination of wing bracing and 
undercarriage—31 pounds in all. But the body and cooling drag is 
actually reduced by over 10 percent in spite of the sevenfold increase 
of power, 
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For the bomber, the reduction in py is rather leas than for the 
fighter on account of the drag of defensive armament, but otherwise 
the influences operating have been much the sume. 

Toward the end of my paper I shall say something about what 
further improvements in drag are in sight and what problems we 
haye to solve in order to achieve them, 


WEIGHT ANALYSIS 


Let us look next at the weight picture, ‘The Spitfire weighs four 
times 28 much as the S. E. 6; the Lancaster, nearly five times us much 
‘as the 0/400, What has made it possible to earry so much additional 
weight per square foot of wing siirface—for the fighter four times, 
for the bomber six times as much? In the airplane itself, first, the 
development of flaps giving higher maximum lift coefficient and higher 
drag; second, power plants of much greater power per unit weight; 
and, third, constant-speed propellers to make the power fully 
available over n wide speed range, But Iarger and better airfields, 
permitting higher take-off and landing speeds and better flying tech= 
nique, have contributed even more. The effective maximum lift 

. ceellicient has risen by about 66 percent. Even so, the touch.down and 
coe speeds, with the higher wing loadings, are 60 to 80. pereent 
er. 

A comparison of the weight analyses and fond factors of the 
is given in table. As. matter of intorest, T have given also the 
weight analysis for tho FW 199, 

How has this remarkable: similarity of weight distribution been 
maintainod! From the structural point of view, it is essentially by 
increasing wing loading four times that it Jias been possible to go 
from braced biplane to monoplane with nearly double the primary 
strength, from fabric covering to a metal skin, and from a fixed to 
Fetractuble undercarriage with no significant changes in percentage 
structure weight, 

From the point of view of the power plant, we have to record m rise 
in the net output per pound of complete plant in the ratio of about 
7to4. The complete plant of 1942 includes both constant-speed pro- 
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peller and supervharging arrangements by which the power is main- 
tained up to heights at which the air density is half, or even less than 
half, of that at ground level. 

For the came percentage fuel weight the range is come 40 percent 
better at a much higher eruising speed. Specific fuel consumption 
is much the same in spite of the great improvement in specific per- 
formance achieved in the face of the burden of suporcharging. We 
must acknowledge here the tremendous contribntion of high-octane 
fuel. 

‘We are left in both cases with about one-sixth af the total weight 
for the man, his equipment, and armament. ‘The weight of the min 
isthe samo as it was, In 1918 it exeoeded that of his whole fighting 
equipment. ‘Today it is but a fraction of it, ‘The weight’ of the 
bullets lone in the modern fighter exceeds that of the whole wrms~ 
ment of the. B. 5, 

For the bombers, weight analyses are strikingly different: from 
those of the fightors (table 8). In 1917 we thought it natural for the 
structute weight of a lange bomber to be greater than that of a small 
fighter—40-4 percent compared with 29.7 percent. In fact thore was 
a view, widely held and-oxpressed somewhat forcibly by Dr. Lan- 
chester, that aireraft of larger span than say 100 fect would) be 
uneconomical because of the operution of the square-cube Isw char- 
ucteristic of geomotiically similar structures, Designers, aided by 
research, have managed to avoid the consequences of this law. ‘They 
havo been so’suecessful that the structure weight percentage for the 
Lancaster is practically the same as-that for the Spitfire, The load 
factor of the bomber is, of course, much lower than that of the fighter. 
But it is probably little different from that of the 1917 bomber. 
‘The progress that has been made is therefore remarkable, 


Tams 8 





tf 
seat | 





3 eae 

















In the achievements summarized above I think werodynamic, struc 
tural, and power-plant improvements can fairly claim about equal 
shares, and to ench, T sugaest, the contributions of research and of en- 
gineering skill and ingenuity have been about equal, ‘To pursue the 
analysis would lead me away from my main theme. But I think wo 
may, with advantage, examine the history of offort in the structural and 
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serodynami¢ folds » little further in order to show the nature of the 
difficulties that have been met and the methods by which they have beeit 
overcome. 

STRUCTURAL DEVELOPMENTS: 


In 1917 the great majority of nircraft structiires were made of wood 
and steel. Light alloys were little used. “Wing surfnces were covered 
with fabric, und torsional stiffness requirements were met by the bi- 
Plane wing structure. Today, with few exeeptions, we use light alloy 
for the primary structure, and torsional stiffness is derived in most 
cases from the light-alloy sheet. wing covering. The very con- 
siderable improvement. that hus been made in aluminum-rich alloys 
contributes chiefly to the wing spars. There is as yetno marked sign of 
development in their properties or application which will reduce the 
‘weight involved in meoting torsional stiffness requirements. This is,of 
course, because these involve stability rather than strength character- 
istics. 

Tdonot suggest that the enormous effort that has been put into im- 
proving sircraft materials hns not. contributed to the maintenance of 
structure weight at « remarkably low figure in spite of increases af 
speed, strength requirements, and size. But it is significant that the 
Mosquito airplane, which is made almost entirely of wood, has a struc- 
ture Weight as low as that of the equivalent metal airplane, 

One feature of the modern aircraft which has undoubtedly con- 
tributed to a more economical wing structure, in particular, is the great 
increase of wing loading and therefore of wing weight per unit area, 
which has made it possible to employ the material to much greater ad- 
Vantage—i. e., to have a smaller percentage of relatively lowly stressed 
tonterial. This brings me to one of the outstanding contributions of 
Fesearch to aeronautics—namely, that derived from the investigation 
of the strength of actual structures in close association with theoretic 
analysis, It is by such work that it has been possible to increase greatly 
the useful load of practically all aircraft now in uso. ‘The most 
thorough mechanical testing of aircraft structures undoubtedly pays a 

igh dividend, ‘These tests have not only shown us that our methods of 
design have led to general forms of structure well adapted to meet the 
demands on them, and fundamentally economical in character, but have, 
‘enabled us to discover where our: knowledge of the detuiled distribution 
of stresses is inndequate and at the same time to improve that knowl. 
edge and to strengthen the structure against unforeseen local weak- 
nesses, 

‘The determination of the loads that the structure is ealled upon to 
bear is! fundamentally a more difficult problem. We are greatly in- 
dbted to such, method as the V. G. recorder, but these give us only 
over-all figures that, useful as they are, throw little light on the load 
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distrivution in flight. We have now available a method of great po- 
toney in the electrical resistance strain gauge. ‘This is being used with 
great effect on a lnrge seale in Inboratory tests, and its application to 
measurements in Bight is being rapidly developed. It will undoubtediy 
prove to be one of the greatest contributions of the research worker to 
improvement in the structures of uircraft, 

Possibly the greatest uchiavement of the research worker in the field 
of aircraft structures is in discovering how to avoid the dangers of what 
we comprise in the term “flutter.” Tn my view, there is in the whole of 
aircraft engineering no better example of the power of mathematical 
analysis, of ingenuity in experiment, and of skill in interpretation. 
‘The stcceseful attainment of very high speeds, with a remarkably small 
number of serious failures, can only be ascribed to the most killed tse 
of all these resources, guided by systemuti review of the results of their 
application. Direct experiment in fight—the only satisfactory 
check—ia almost impracticable. Laboratory determination of reliable 
numerical values of the essential quantities involved is extremely dif 
ficult. Much more information on these is essential for progress, and 
hore the designer can justifiably demand all that research ean provide. 


STABILITY AND CONTROL 


Up to this point I have said nothing of the contribution of research 
to the production of stable and controllable aircraft, Tam glad to 
say that the time is now long past when Inck of stability is regarded 
by anyone as'n virtue in an mircraft, In fact it is unquestionably 1» 
most serious defect, whatever the duty of the aircraft, But it has 
always been difficult to define the necessary or desirable margins of 
stability and tho associated eneral stability and contro! character- 
istics. The designer must, however, have the requirements expressed 
in torins that cnn be reflected in his lay-out, both as a whole and in 
detail, He must be able to judge fairly accurately how the changes in- 
evitable as a design develops will react on the stability and control, 
and he must linve at hie disposal means of dealing economically with the 
consequences botl of the variation of load distribution resulting from 
operational conditions and of the changes involved in the development 
of the aircraft, 

There is n good deal about the stability and control of aircraft. in 
‘which there has been little apparent change over the period covered 
by the examples T have taken. I believe, however, that this is simply 
because the desirable general characteristics were attained by about 
1918. ‘Since then our main problems have been, first, to preserve them 
substantially unchanged in spite of the profound changes in the form 
of aircraft, and, second, to enable the same man to control much larger 
and mneh faster aireraft, 
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‘The foundations of stability and control theory were laid, and well 
nid, long ago. Much labor has been spent on expanding it to embrace 
new developments, such as structural distortion, and on the analysis 
of the controlled snd uncontrolled motion of aircraft. A. vast amount 
of experimental evidence has been accumulated. Much of this, bow- 
ever, is related rather to specific problems than to the systemutic doyel- 


‘wholesale improvement, particularly by an attack on-n wider front in 
flight. Iam not among those who criticize our record here on the 
grounds that wo did not undertake enough basic work at the time when 
the airplane, as we now know it, first crystallized. I regret that eir- 
cumstances made it impossible to.give this work high priority. Had 
we been able to do so, we might have avoided many troubles and saved 
much labor. But I do not believe that, on the balance, we would have 
reached our objective—usable aircraft—more quickly. Wo relied on 
‘our past experience, on our ability to improvise, and—most significant 
of all—on our conviction that the theory available was soundly 
founded on experimental evidence. We discovered, by the attack we 
were forced to make on troubles as they arose, much more about sta- 
bility and control than most of us believed there was to learn. Thus, 
and I believe only thus, could we have advanced at the rate we did. 
It is an excellent example of the interworking of research and 
application. 

In the field of contro} balance we have made tremendous advances 
in the face of difficulties that are sometimes hardly appreciated. ‘The 
1017 bomber operated nt speeds—S0 to 100 m.p.h—at which the pilot 
could provide tho forces necessary for contre! with little or no aero- 
dynamic balance, Take the 0/400 ailerons, ‘The maximum hinge 
moment required was probably equivalent to a force on. the pilot's 
hand of the order of 50 pounds, with ailerons on which the aero- 
dynamic balance was probably no better than one-half. In the Lan- 
caster the same movement of surfaces of about the same size is required 
at 200 m.p-h., requiring nine times the forces. ‘The pilot is no stronger, 
s0 the aerodynamic balance must reduce the hinge moment to say one. 
eighteenth of that of unbalanced ailerous. This is « dificult require- 
‘ment but it has been met, 

Suppose we put up the weight at the same wing louding to 100/000 
pounds, one and one-half times that of the Lancaster. The linesr 

i i Will rise in the ratio 15** and the hinge moment at the 
‘same speed in the ratio 1.5". ‘The nerodynamic balance must there- 
fore reduce the hinge moment in the ratio 

4/{2) (1.5)*(3)*=1730 


ACsimnilar argument leads to a figure of 1/400 if the weight is increased 
0 500,000 pounds. We ean certainly achieve 1/20 and possibly 1/400 
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in ideal conditions. But it is doubtful whether this is « wise poliey, 
sinoe we can hardly expect to define or to maintain the shapes of 
surfaces suficiently closely. Power-operated controle have been 
avoided so far, but it is tnwise to assime that we can neglect them 
indefinitely. ‘There seems to be no good reason to be doubtful of our 
ability to make them relinble. 


POWERPLANT DEVELOPMENTS: 


T do not propose to extend this survey to the two other main factors 
that have contributed to the changes we have seen in aireraft—the 
power plant and tho propeller, Ihave already quoted some figures 
that show how remarkably the reciprocating engine has advanced. 
Thave also said that there have since been farther advances, which, 
howover, serve rather to emphasize the comparisons T have made than 
to invalidate them. ‘This is becuuse there linye been accompanying 
changes in weight and other characteristics tliat leave the ninin con- 
clusions substantially unaffected. Our debt to the engineers who, 
aided by research, have achieved these results is immense. 

To the constant-speod propeller the performance of aircraft must 
also acknowledge great debt, But the flying man is even more 
grateful for whiat it has provided—almost complete freedom from his 
chief anxiety, namely, the liability to misuse his engine. We now look: 
forward confidently to new thethods of propulsion for aircraft. But 
T believe the propeller lins a Jong and useful future before it and ont 
in which research will play an outstanding part. 


SUMMARY—THE TASK OF RESEARCH 


I trust that this short survey has gone some way to show why T am 
convinced that the research worker and the engineer must work to- 
gothor if we ure to make significant progress. In his James Forrest 
lecture to the Institution of Civil Engineers in England, Dr. Southwell 
aaid that “Aeronautical enginesring is ordinary engineering made 
tote difficult.” “TE that was truo in 2920, us I beliove it was, it is more 
than ever troe:now, We can see clear prospects of great advances in 
aircraft in size, in performance, and in safety, ‘The curve of iimprove- 
ment against time shows no real signs of flattening out. But we sliall 
niced all our ingenuity to avoid or to overcome the barriers which we 
can ree aliead. . 

T think the engineer-has made géod use of the outstanding contribu- 
tions of research for acronautics. If at times he has appeared slow to 
‘appreciate the significance of new developments, he has & good excuse 
in his preoccupation with producingr something on which we ean rely. 
‘This is a suficiontly serious responsibility and ono that he has borne 
with credit, But it ia this yery preoccupation that emphasizes the need 
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for employing as part of an engineering organization men competent 
to detect those advances in knowledge which are potentially valuable 
and to work out the technique of applying them. 

‘The research worker himself is not blameless in this respect. We 
can call to mind the case of Mendel, the significance of whose work in 
‘genetics was not recognized until he had been dead many years. His 
case is an example of discovery not appreciated because it is too far in 
advance of the general state of development of the science. Dr. Latt- 
chester’s books Aerodonetics and Aerodynamics contained much 
which may perhaps be regarded in the same way. 

‘The instances I have mentioned may, of course, be regarded as classic 
examples of the difficulty of disseminating knowledge. As the volume 
of knowledge increases, this difficulty grows. In the hall of Trinity 
College, Cambridge, there hangs the portrait of William Whewell, 
sometime Master. It is said that he was the last man to know all 
kmowledge. He died in 1868+ 

But the research worker has, in my view, a part to play in “putting 
across” the results of research. It is reasonable to ask that he should 
put his results in such « form that they can be used. To those who 





PROBLEMS OF THE DOIEDIATE FUTURE 


If this raview leaves us confident of our powers to use effectively 
the results that an alliance between research and enginoering ingenuity 
can provide, as I think it should, how should we shape our plans for 
the futuret Let us look for a moment into what the future may hold 
for us in one feld alone: still further improvement in performence— 
in speed and in range 

‘thin the limits of our present knowledge the most economical 
Say to fly faster is to fly higher, Let us suppose that we can extend 
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the range of operation of power plants 60 that propulsive power is 
independent of height. ‘Taking an airplane with tho clmracteristics 
of the Spitfire (table 1), and assuming that Cyy=0.023 under all com 
ditions, the curve of speod against height is shown in figuee 7 labeled 
‘A. The Line of sonic speed, Mach number=1, is crossed nt 09,000 feat. 
In practice the effect of the compressibility of air begins to be felt at 
about Af=0,65 at $3000 feet at a speed of about 430 mp.h., and the 
rapid rise of Ooo with Af brings the curve for greater heights down 
to about the lovel of curvesd,, ‘The loss of speed is very large. 
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If, by devising forms that will ensure some measure of laminar 
flow, wa can halve Op, and at the sime time avoid compressibility 
eflocts, we get curve B. But if compressibility has the same kind of 
effect as on the original airplane, the result will be to depress the 
speed to curve B,. Similarly, reducing Cop to one quarter of the 
original value, we get eurves (and 0. 

If we are to reach really high speeds economically, it is clear that 
we must devote at least as much effort to avoiding or reducing the 
effect of compressibility as to reducing the “low speed” value of Cou. 
On the other hand, at speeds at which it is likely to be economical 
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to cruise for long distances, compressibility will for some time be 
raatively tnimportant and’ leninarsfow tonne oles outstanding 
Prospects, In round figures range and economical cruising speed are 
inversely proportional to the square root of Gay. If we can ialve 
om both range and eruising speed will rise by 40 percent. 

We must not dismiss too lightly the possibility of eruising economi- 
ally, at greut height, at-very high speeds—specds at whieh com. 
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Prescibility may well haven dominating influence on design, With 's 
laminar flow extending over the majority of the surface of tho air- 
Plano we may reasonably expect to be able to cruise nt 460 m.pii—— 
4 Mach number of about 0.7. Considering the airfoil alone, because 
of necessary thickness and camber, sonic speed will occur aya point 
hear the’ surfaco when the lift coafficient, reaches a certain. vale, 
‘Honce, the wing loading must not exceed n figure dependent on the 
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height. At the heights at which it is likely that such speeds will be 
economical, from the power aspect, calculation suggests that rather 
low wing loadings will be required. Figure 8 shows the results af 
come preliminary calculations on this point, ‘The wing loading cor~ 
responding to the critical conditions is sensitive both to airfoil thick- 
nest and to height, For example, assuming 60 pereent of laminar 
flow, 15-percent thickness, and @ camber appropriate to the lift co- 
ediiciont, the critical wing louding nt 38,000 feet is 28 pounds per square 
foot; or for a 16-percent thickness, 20 pounds per square foot. At 
30,000 feot the corresponding londings are 44 and 39. If these calcula 
tions are ound, the effect om the general economics of the situation 
will be marked. Here is another reason to justify extensive theoretic 
and experimental work in this field. 

‘Thus we see both the harriers to progress which’now face us and 
the potential rewards that will be ours if we can succeed in surmount~ 
ing them, I return to my main theme—the research worker, the 
designer, the constructor, and the user must join forces and, each 
fortified by the confidence and help of the others, plan the work that 
is nosded to provide tho information, pursue the investigations in 
the conviction that the aim is worthy of the effort demanded, and 
apply the results to produce better airplanes. 

From aerodynamics we demand pot merely the bare solution of the 
problem of forms providing laminar flow, relatively immune from 
effects of compressibility, We require specific information covering 
the whole airplane, including its propulsion, stability, and control, 
‘Tr may be that the whole lay-out of the aircraft will be different from 
that to which we have been accustomed. It is for the aerodynamic 
people to say, but they must base their opinions on « sound foundation 
of experiment. 

From structural research we require to know what schemes of 
structural design are most likely to provide the necessary precision 
of form and superficial smoothness and how to copa with new strangth 
and stiffness requitements. Aerodynamics must supply. information 
‘on the loads that will he met in flight, and much thought must be given 
to the meteorologic conditions that will be encountered. 

In tho future it will be impossible to consider the airplane engine 
and the airplane as separate enterprises with conflicting requirements, 
‘The thermodynamic problems will be aerodynamic also. ‘Their joint 
solution will throw up more than enough of the design problems at 
which the power-plant engineer excels. 

Will the transformation of the energy of the fuel into thrust de- 
mand a propeller or a jet or a combination! There is no single 
answer, It will depend on the duty of the airplane. But the propeller 
designer will find that his task will tax all his ingenuity. 
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‘Upon the airplane designer will ‘fall the burden of combining into 
a mixing Proposition the contributions of all his collaboratora. Ho 
will need to provide for pressurized cabins, ice-free surfaces, and 
the many indispensable aids to control, navigation, take-off, and 
landing, 

‘To the user the prospects are such that he should spare no paina in 
encouraging the research worker and the engineer in their difficult 
tasks, Ho must support them to the full in obtaining the resources, 
in men and material, which will be essential for solving their prob. 
Jems, And he must contribute, as a member of the team, the opera- 
tional information that will guide their efforts ut all stages, 

‘The experimental resources that such work demands are large. 
Thoy must be generously planned to provide the greatest possible 
scope and flexibility. It will take time to devise and to create them, 
and during this time we shall inevitably meet further difficulties whose 
‘eXaot nature we cannot yet foresee, We may be confident in our ability 
to adapt and to improviso, but we must ensire that the basic equip 
ment is on un adequate scale, 


‘THE MANAGEMENT OF RESHANCH FOR AERONAUTICS 


J have loft until last such remarks ag I have to make on an 
of planning research for acronautios to which you may feel T shold 
have paid more attention—namely, the organization and management 
of the work on the stale that the scope and) complexity of the prob- 
lens demand, In what I said earlier I have emphusized my belief 
in the value of the independent small team of workers, who necessarily 
work on w small seule with relutively small equipment, and on ong 
OF at most a fow problems, But we must recoguize, perhaps reluc- 
tantly, that wo have problems to solve which cannot be handled #uo- 
cessfully in that way, 

It is not merely the large size and complexity of the equipment 
Fequired which forces us to face the task of manuging largo research 
undertakings. Tt is rather that the many problema we must attack 
aro interdependent, and that success in dealing with them depends 
on aswmbling and coordinating the efforts not only of a team but 
of many toams of workers. Ay in any-large undertaking we have to 
break tho work down into parts, Each part is the pritiary responsi- 
bility of « group of specialists under w leader. But the parts must 
be welded into & whole, and in thin welding lies the problem of 
management. 

T believe that tho problem is best upprouched not'from the top hut 
from the bottom—from the point of view of the individual membee of a 
team. What doos ho need in order that he may do the best thnt ig in 
him? In my experience, he needs the following: 
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(2) A clear, unambiguous statement of the ultimate objective, 
‘This must be more than a statement of the specific problem. It maust 
relate it to the general picture of which it is a part, ‘Thus he will 
know why the work is being done, 

(2) An opportunity to give his own views on the value of the under- 
lying ideas. Tho basic plan must be, in part, his own, Thus he 
will start with a sound conyiction that the plan is « good one, 

(8) An immediate leader in’ whom he has confidence, who will 
inspire him, help him, and keep him up to date in all the relevant 
parallel work on related problems, Thus he will retain the good 
spirits in which he starts. 

(A) Sufficient resources to enable his work to progress at what is, 
fit his judgment, a speed commensurate with the importance of the 
objective. Thus he will feel that the value of his work is recognized 
in the only way that means anything to him, J 

‘This formula can, in my experience, be applied to groups of work- 
ers under a central management or to separate establishments undor 
central direction, And the difficulties that one meets in applying 
it arise not from its shortcomings but from conscious or unconscious: 
neglect of its easentinls. 

Looked at in this way, sich questions as the ideal size of research 
establishments cease to be of any great significance, Just as a team 
must have a leader who knows all ubout the work being dono by its 
members, go a group of teams must have a leader who is recognized 
by them to know enough about their work for him to be able to guide 
it to its common objective. The limit of economicil size of a com- 
plete unit és set not by somo arbitrary formula but by the simple fret 
that no one man can know enough about work in moré than a few 
fields to be able to inspire real confidence in his team leaders or 
their teams. The control of large equipment, tho management of 
numbers of skilled industrials, and the commonplace daily problems 
of fucilities aro matters of consequence, but they are not the real de- 
termining factors. Tn any event they are well understood and ean 
be broken down and shared among a properly balanced staff. 

T would summarize my views on this question as follows. There 
is no single or simple formula by which to determine the best method 
of handling research. But I believe there are a few simple prin- 
ciples in the light of which each particular situation may be reviewed 
‘and « good solution found, 


‘coNcLUSION 


You will see that my experience has led me to the view that the 
record of science and engineering in xeronantics 1s » creditable one. 
It justifies us in demanding the means of extending our efforts into 
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those new fields that we can now clearly cee. Eh tik 8 eeeszing 
and managing the work, of devising and constructing the equipment, 
and, above all, of leading those upon whose efforts success will in 
the end depend is one of absorbing interest. 

‘What the world will make of our efforts is s matter on which I 
regard it as unprofitable to speculate, at any rate here and at this 
time. Iam an engineer in a world where good engineering, skillfully 
used, means survival and bad engineering «means the end of what I 
believe to be a good way of living. So I am content for the time 
being to confine my efforts to the work in hand and to leave phil- 
ceophie spectilations on its value, on some absolute seale which I'con- 
fess eludes me, to those who can find time or inclination for it. For 
this reason I have confined my attention primarily to research for 
Acronautics as used in war. There is another reason—I have spent 
the best part of my life on work with this as its first aim in the con- 
‘yiction thut it had to be done. 

But I am an incurable optimist. I believe that we shall succeed 
in our present effort—in which the share of research is to provide 
information by which aircraft and their equipment ean be steadily 
‘improved and used to greater effect. When we have achieved our 
immediate aim, I do not doubt that much of our work -will be put to 
‘uses that ure more to my taste and to yours. 

In the end, however, it is with the svientific:and technical advances 
in the means of flight that we are here concerned. So far we have 
had a mere 40 years in which to show what we ean do. ‘Tt has been my 
purpose to point, in the light of my experience, to what we must do 
now to discharge the responsibility that is laid on-us so that those 
who will follow us may find 9 fair field in which to explore the ond- 
Jess vista of opportanity which will lie before them. 


HUMAN LIMITS IN FLIGHT’ 


By Bevan HO. Marmmaws, 6. 8, BM. A. $0... FS. 
Hend of the R.A. F. Physiological Eaburatory, Connultant i Phyalotogy 
ta the BAP. 


fWWILR & platen 


A modern aircraft will climb in w few minutes to heights at- which 
the air is so thin that it will no longer support life, It can turn and 
maneuver so fast thnt the pilot may easily be rendered unconscious 
from the mechanical forces which it imposes on his body, and in an 
aircraft which ig moving rapidly in three planes of space the pilot 
can be subjected to stresses beyond the limits which the human body 
can stand, 

‘The adaptation of which the human body it eapable to new sur- 
roundings and conditions can play « considerable part in fitting man 
to these new conditions; for example, airsickness which many suffer 
on first flying in rough air or doing aerobatics, in most people soon 
passes off und they become adupted to motions which at first perplex 
‘and incapacitate them, though afew never become completely adapted, 
But there are several stresses placed on man in aircraft that cannot be 
met by any tunconscions adaptation, which require equipment specially: 
designed to meet them. Some of the necessities are obvious, such as 
windscreens to protect the man from the. great wind pressures at 
high speed and a heat supply from the engine or special clothing to 
keep him warm in the Arctic cold of the stratosphere. His senses must 
be extended by « set of blind-flying instruments £0 that he may know 
his altitude and movement. in space when in clouds or at night, He 
muist learn to believe the instruments against his senses for these are 
no longer a reliable guide when he muy be moving at varying speeds 
in any direction, in fact they will often be wrong. ‘The human limit 
of visual range by day and especially by night is of paramount impor- 
tanco in flying. 

But beside the stresses from wind pressure, cold, vibration, and 
‘noise, the pilot's body must also be protected from other less obvious 
stresses and here I propose to deal particularly with the two greatest 

ee, bb permiion from tho Proceedingy of the Moynt Inatitution of Great 
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stresses which an aircraft puts upon the pilot—those due to accelera- 
tion or rapid change of motion and those due to high flying in the 
rarefied air of the upper atmosphere, 

In the last hundred years man has increased the speed at which he 
¢an travel more than tenfold, but there is no reason to suppose he is 
approaching any human limit in speed for, provided that lie is pro: 
tected from wind pressure by a closed cockpit and that the motion 
does not change rapidly in direction, there is no more mechanical stress 
‘on the pilot than if he were sitting on the ground. 

If the human boily is moving uniformly there is no force acting on 
it other than that due to gravity, recognized as weight. But when the 
motion changes in either magnitude or direction, large forces come 
into play; for example, while lmnching an airplane by extapult, 
During this linear neceleration the pilot has the senaution of being 
driven backward against his seat by forces equaling several times his 
own weight, This is geen in the retracting of the skin of his face 
which bares tho teeth like snarling dog. In this ease, the accelera- 
tion acts transversely on the body and lasts only a few seconds and in 
this direction the pilot can easily withstand many times tho accalorn- 
tion of gravity provided his head and shoulders are well spported, 

When a fast-moving airplane changes its direction and turns, air 
plane and pilot are both subjected to very large forces, ‘The phonome- 
non known aa blacking-out came into prominence in the fer 
‘Trophy races; pilots found that in turning at high speed their vision 
became blurred and that for few seconds in the turn. they frequently 
became blind. ‘This is now « common event in aircraft and is well 
understood by fighter pilots. 

When an airplane travels in a curved path in turning or pulling out 
of x dive a large centrifugal force tends to force the airplane and pilot 
away from the center of thé circle, ‘The magnitude of this forcs:in- 
creases with the square of the apeed and decreases as the radius 
increases, Subjectively, a pilot experiences a great increase in. weight 
of all parts of his body ax the centrifagal, force tries to drive his body 
out through the bottom of the airplane. ‘Tho magnitude of the avcoler- 
ation acting on the pilot is expressed in terms of g, th force duo to 
gravity normally acting on the body which causes it to have its normal 
woight. Thus in a turn producing 4g or four times the force of gray 
ity, if the pilot's seat were fixed to a spring balance it would register 
four times his normal weight and the pilot and all parts of his body 
become extremely heavy. ‘This is sven in the sagging of the soft part 
of the face which occurs ina tight turn (pl. 1). A turn at 300 miles 
per hour and 1,000 feet radius produces 6y, and a pilot in effect weighs 
sbout half « ton and his blood virtually becomes as heavy as molten 
fron. ‘The blood is normally being pumped to the pilot's head by his 
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heart but as its virtual weight increases the heart has difficulty in 
mtintaining the blood supply to the head. ‘The brain and the eyes can. 
only function for a few seconds without their normal blood supply 
and loss of vision in blacking-out is due to failure of the circulation in 
the retina of the eye. If the acceleration is still greater, the whole 
blood supply of the brain fails and the pilot becomes tinconscious. 
Blacking-out is a warning that the blood pressure in the cerebral 
arteries is getting Jow. If the control column is eased forward, the 
airplano struightens out, the centrifugal force ceases and swithin w few 























‘Piovee 1.—Approsimate relationalip between durntion of vary- 
Ing degrees of acceleration and occurrerice of toes of vision 
(lower curve) and tom of consciousness (upper curte). 
(Duta from various wourees,) 


s*conds the cireulation returns to normal. While this happons in the 
head the deficit of blood tends to gravitate to the legs and the phenom- 
‘enon ean be regarded as the end losing blood to, the feet. 

This draining of tho blood from tho head takes time, “The graphs 
in figure 1 illustrate the limits of tolerance of acceleration—the greater 
the acceleration the leas the time that the pilot can retain his sight. 

Many measures have been taken to reduce the effect of centrifugal 
‘force on the pilot; much may be done by posture and seating; if the 
Pilot's attitude is crouched with his legs raised, the distance through 
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which the heart has to raise the blood to his head can be reduced and 
the loss of it to his feet is again less if the feet are high. Another 
method of lessening the effect of this force which may be mentioned 
is to place the pilot inthe prone position. The heart and head are 
then nearly at the same height and a man in this position ean withstand 
some 10g, but this pusture is a very fatiguing and inconvenient. ono 
for the coutrol of an aircraft, though it is reminiscent of the very 
earliest airplanes in which the pilot frequently lay prone, ‘The effect 
of posture on blacking-out is shown diagrammatically in figure 2, 


—— Near PostuWe 
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EFFECT ON POSTURE ON BLACKING OUT 
‘Frouue 2—Rifect of posture on the titerance of accslerution, (Data from Rofl.) 


‘The engincer has produced machines that are so strong and 
maneuverable that they can subject the pilot to forces beyond his 
tolerance and the useful limit in design for manenvernbility st high 
speed changes from being an engincering limit to being « human 
Himit. Te would be useless for the wircraft designer to produca an 
airplane so strong and maneuverable that it could tum with a 
centrifugal acceleration of 20g because the pilot would not be con- 
scious to contro! it under these conditions; the ability to out-turn the 
enemy has an important tactical advantage in dog fighting, but to 
achieve this it is now necessary to look to the man rather than the 
machine. Figure 8 illustrates how the human limit makes it impas- 
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sible for w fast airplane to follow’ slow one in u tight turn; both 
pilots are subjected, to 5g, , 

‘The most important stress, however, to which man is subjected in 
aircraft is that resulting from the thinness of the air at great alt 
tudes. ‘The nir pressure at ground level is 147 tb,/eq in. Tt has 
fallen to one-half ut 18,000 feot and to only one-fifth, about 2% Ib./sq. 
in., at 40,000 feet. ‘Tho effects of altitude on man are those resulting. 
from the lowered atmospheric pressure, 

‘The disabilitien which a man suffers at lowered pressure first came 
into prominence on the surface of the earth as “mountain sickness.” 
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Piovas 8—Showing how human tolerance of neceleration makey It tmpoasitte 
for a tust airplane to fullow a slow ove tna thebt turn, 





Later the term balloon sickness” wus given to the troubles experi- 
enced in high balloon ascents at the beginning of the lust century ; 
long before airplanes Ind ‘become practical flying machines, the 
problems of high altitudes had been encountered because early balloon 
ascents carried the balloonists to heights at which the nir would 
hardly support life and at that time their knowledge of how to over- 
come this was lacking, 

Plate 2, figure 2, showe the first successful flight when Montgolfier’s 
balloon ascended from Versailles in 1768 carrying a sheep, w duck, und 
cock. After the safe return of those animals to earth, Montgolfier 
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himself went up some hninilreds of feet.. ‘Two years luter the French 
scientist Charles reached a height of 13,000 feet with a) hydrogen 
balloon, 
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Fyrom 4—Relationstp borween altlinde aod ntuiowpheric resmure, (1. ALN. 
neale,) 


Figure 6 shows the upward progress of man’s exploration of the 
air, 

It is necessary to emphasize the difference between rapid’ ascent 
from ground level, as in an airplane, and’slow ascent in climbing 
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mountains, In the latter case, weeks are spent at 15,000-18,000 feet to 
become neclimatized to the thin air. Great changes occur throughout 
the climber’s bodily processes which enable him to live at altitudes 
which are fatal to a “sea level" man, Acclimatization is soon lost on 
return to ground level, so it is not possible to make much use of this 
in fying. 
Climbers have reached 28,000 feet on Mount Everest, but in con- 
trast to this the first serious high-altitude accident occurred in 1875 
when Tissandier with two companions went up in the hydrogen bal- 
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FravexS—Balloon und uireraft altitude records. (Heights ta the aearent 100 feet.) 


loon Zenith. Tho balloon ascended to about 26,000 fest and the 
sccupants became unconscious. ‘They became conscious again when 
the bulloon descended to 20,000 feet but then threw out ballast nnd 
the balloon rapidly ascended to about 28,000 feet. All became tin~ 
conscious und when Tissandier regained consciousness the balloon was 
it ubout 19,000 fent, descending rapidly, but his two companions were 
dead. This accident focusd a great deal of uttention on the 
physiological problems of altitude, and to investigate these Paul Bert 
constructed steel chamber from which the air could be removed by 
& pump to simulate altitude conditions at ground level, Since then 
great deal of research haa been carried out in such decompression 
089015 —10 
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chambers, both on mountains and in aireraft, on the nature of alti- 
tude sickness and the ways of overcoming it, 

Plate 3, figure 1 shows a modern decompression chamber at an 
B.A. F. Medical Service research unit, In this a man ean be tulen 
toa pressure equal to that at 30,000 feet in less than a minute, and it 
is capable of producing pressures down toa small fraction of a pound 
tothe square inch, 

Plate 3, figure 2 shows a small type of decompression charnber of 
which many ure in service, which will take six men to any altitude 
required so that they can become familiar with their breathing 
‘apparatus und the disasters that may befall them if they do not use 
it correctly. 

For life, man needs food, water, and air. He can live without food 
for wesks, without water for days, but without air he can gurvive 
only a few minutes. 

At increasing altitudes, although the proportion of oxygen in the 
air remains one-fifth, the density of the mixture becomes less and a 
certain pressure of oxygen is essential for living cells to function 
normally. At an altitude of 42,000 feet if the lungs are filled with air, 
they contain less than one-sixth of the normal quantity of oxygen and 
this is insufficient to support life. Much of the Battle of Britain wne 
earried out in an atmosphere in which » pilot unassisted with breathing 
apparatus would be dead in a few minutes. However, Jong before this 
height is reached oxygen lack makes its presence felt in the impaired 
intelligence and mental performance of the pilot. As oxygen want 
comes on, judgment is lost, gross errors are made, intelligence fails, 
muscular control is lost and this is followed by unconsciousness. 
Moreover, oxygen want is very insidious becatiss the sufferer is often 
almost unaware of it. At 20,000 feet i man without oxygen may do 
irrational things; oxygen want resembles both in its 
symptoms and in that the sufferer ig confident that he is normal and 
much resents any suggestion to the contrary. 

Te would clearly be dangerous to send an aircraft up to 25,000 fect 
unless it was ensured that the crew were protected from oxygen want. 
Much research on the practical protection of flying persannel from the 
effects of altitude has been earried out hy the R. A. F,, particularly by 
the Modical Branch which directs research in this very important side 
of the pilot’s welfare. ‘The importance of this is emphasized by the 
following story of a recent incident which occurred over Ger- 
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gator, realizing what had happened, was in timo to stop him from 
climbing out of the machine, take over the controls and reconnect the 
pilot’s breathing apparatus. It is easy to see that such an incident 
might not always have a happy ending. ‘The effects of oxygen want 
may often be extremely amusing but clearly, there is no place for such 
events inv the dangerous and difficult work of high-altitude fying. 

‘Thore-are two ways in which altitude effects can be overcome. ‘The 
first is to increase the umount of oxygen in the air which the pilot 
broathes by mixing oxygen from gas cylinders with it, thus giving tho 
pilot a mixture rich in oxygen or evan pure oxygen ta breathe, Tn this 
way when the pressure is one-quarter of an atmosphere ut 33,000 feet 
if his Inngs are filled with pure oxygen he will not suffer from any 
symptoms of oxygen Inck. ‘To this end tho pilot always wears an 
oxygen mask, which also carries a microphone for his communication 
with the crew or ground. 

‘The second alternative is to increase the amoant of oxygen in the 
pilot's Tings by compressing the wir in them. In an engine the loa 
of power from oxygen Taek ia overcome by compressing the thin 
air with a supercharger, but it is not possible to supercharge the lungs 
so ensily ng the pressures required would burst them. ‘The pilot must 
therefore be completely surrounded by wir at. increased pressure, 
This can be done’sither with « presstire suit something like « diving 
dress or, if the cabin ix sealid and made strong enough for it to 
withstand a raised air pressure, produced by a pump attached to the 
engine. The air around the pilot can then be kept ut 14 1b./eq. in. 
and the atmosphere he breathes can be exactly like that at ground 
lovel. However, it ix cleat that for military uso such a pressure 
cabin is very vuilnerahle, though for civil use it is the ideal’ method 
in high flying because the passenger ie not inconvenienced by « mask 
om bis face and need not be aware, by any change in tho air presstire, 
that he has feft the ground. Some pressure cabins are in use in civil 
Airlines in America. The pressure cabin has other advantages over 
tho oxygen muik besides preventing Iack of oxygen. “At heights up 
to 16,000 feet a man can avoid oxygen Tuck by breathing pure oxygen, 
but abowe 44,000 feet even breathing pure oxygen he would become 
Unconscious. Moreover the vapor pressure of blood equals the at- 
mospherie preseurn at.(63,000 feet so if n man could reach this pressure 
hit blood would boil and his lungs be filled with steam, At heights 
bove 40,000 fect. it becomes necessary not only to breathe pure oxygen 
but also to increase the pressure acting on man. Plate 2, figure 1 
shows the machine and pressure suit in which Flight Lieutenant 
Adam broke the world’s altitude record by reaching 54,000 feet in 
1097, ‘The mit was blown up to some 246 lb/eq. in, pressure and 
filled with pure oxygen. In it man could survive even in a vacuum. 
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‘Thus the effects of oxygen want ean be completely overcome up to 
altitudes of some 8 miles by breathing pure oxygen and this is done 
in military aircraft of all nations. Above this height pressure miist 
be applied in nddition. In the altitude-record balloon ascents by 
Professor Piccard and by the United States Army, closed gondolas 
at raised pressure were used, 

Figure 6 illustrates the time elapsing between cutting off the oxygen 
supply to x man and his becoming ‘unconscious at various heights 
From this it will be reslized how quickly pilot must act should his 
oxygen supply fail at high altitudes. 
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Fiovar 6—Timo between changing trom breathing oxygen to 
breathing air and the oceurrenee of tnconseloumesx After 
Bult.) 

The prysiclogical abnormalities at altitude ure not entirely solved 
by breathing oxygen as there ate effects on the body at low presstirt 
in uddition to oxygen Jack. At ground level the nir pressure drives 
nitrogen into the blood which dissolves in appreciable quantity: If 
now the pressure on the mian is rapidly reduced before this nitrogen 
can escape, it will form bubbles in his blood vessols' and stop the 
circulation. “The possibility that something of the sort: might ocetir 
in enimals nt low pressures was envisaged by Robert Hoyle in 1670 
who placed viper under a bell-jar and pumped out the nity when 
the pressure was reduced ho saw a bubble within the eye of the viper- 
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Bubbles forming in the body fluids have long been i difficulty in deep 
diving where mon haye been subjected to much increased pressures of 
air, ‘The body fluids then dissolve a large quantity of nitrogen and 
if the diver comes to the surface too rapidly it cannot escape from his 
lungs in time to prevent bubbles forming and he gets decompression 
sickness or “bends” (caisson disease, compressed-air illness), with 
severe pain, cramps, occasionally unconsciousness and even death, A 
diver can get severe bends coming up from a depth where the pressure 
is 4 atmospheres to the surface where it is only 1 atmosphere, but for- 
tunutely an airman does not get into such serious difficulties if he 
goes from ground-level to one-quarter ground-level pressure at 33,000 
foot. Bends as they ovcur in the air are rarely experienced at alti- 
tudes below 23,000 feet, They come on slowly and are rarely of a 
seriousnature. Uneonscigusness can result if the warning symptoms 
of pain in the joints are neglected, The pains are cured almost 
instantaneously if descent is made to about 25,000 feet whero the air 
pressure camipresses the nitrogen bubbles sulliciently to drive them back, 
into solution in the blood. 

Much resedireh has been earried put on men in decompression cham- 
bers to find ways of allevinting these effects. One motliod is to breathe 
pure oxygen before ascent, 80 replacing the nitrogen in the blood with 
oxygen. ‘The oxygen is then used up in the tissues before it can form 
bubbles. ‘This method hus long been used to displace nitrogen from 
the blood in diving. 

‘There are other disturbances to man with rapid changes of altitude 
resulting from the change in air pressure, Behind the ear drum isa 
cavity Billed with air which communicates through a small eanal with 
the theont und it is necessary for air to leave and enter it with nscent 
and descent lest the ear drum.be collapsed. ‘The canal to the throat 
will normally open on swallowing and in a dive a pilot clesrs his ears 
ulmost tmeonscionsly, hut should he fail to do so or have severe catarrh, 
he may damage his ear drums. Enclosed gas elsewhere in the body, as 
in tho sinuses surrounding the nose, has to equalize its pressure as the 
altitude changes or severe pain may result. Again on uscent the gas 
Aovmally present in the intestines expands to a larger and larger yol- 
‘ume as the outside pressure falls when climbing but this is rarely a 
serious problem. 

‘Thus the human safety Limit in height is somo 10,000-16,000 foot 
breathing air and 40,000-42,000 foet breathing oxygen; heights much 
in exosss of the latter are only achieved by enclosing the pilot in an 
artificial atmosphere. 

But it is cloar that starting with fit pilots on the ground much must 
be done to keop them efficient in the nir and the efficiency of the man 
muy often be of even greater importance than that of the machine. 
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‘Wo know that in the Battle of Britain quality in men and machines 
overcame weight of numbers and although always greutly outnun- 
bered, the R. A. F, by elliciency and courage were able to rout the 
Luftwaife. To maintain that eficiency'in the nit and at high altitudes 
isnomenn problem. ‘That it is done is the result of scientific resoarch 
during the last. 70 years into life at grout wltitudes and the successful 
application of what has been discovered to the particnlar problems of 
the pilot. T should like this locture to be considered @ tribute to:all 
those scientists from Paul Bort onward and to many officers of the 
R.A. F. who have contributed so much to the solution of high-altitude 
flying and in particular to those medical oilicers- who havo Tost their 
lives in this war in flying experiments, 
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‘TRANS-AROTIC AVIATION * 


By Boom Puscuxe, Lierenant (J. g.), 0.8.8 





Frequently it is wise and profitable to spend a few moments in 
speciation on the potentialities of the future. Many improvements 
are bound to be occasioned by the necessities of the war, not the least 
of which is the impressive development in aviation. ‘The technological 
advancements being perfeoted for war purposes today doubtless will 
revolutionize commercial aviation after the termination of hostilities, 
One of the most logical results is the Iinking of the continents by @ 
ustwork of air routes traversing the Arctic Basin, 

Belief in the physical practicability and in the commercial value of 
trans-Arctic aviation was first manifested about the time of World 
War I, and in 1919, W. Brun, a German, proposed the organizing of 
rozular flights from the European capitals via Archangel, ths Arctic 
Basin, and Nome or Unalaska, to either Yokohama, Vancouver, or 
San Francisco. A few years later; in 1928, Maj. Gen. Sir Sefton 
Brancker, Director of Civil Aviation for Great Britain, enthusiasti- 
cally declared in a speech at Sheffield that the carrying of mails from 
England to Japan by way of the Arctio was a probability of the next 
10 years. In connection with the proparations for the flight of the 
dirigile Shenandoah to explore the polar “white spot” between 
Alaskn and the North Pole, Rear Admiral William A. Moffett, Chiet 
of the Bureau of Aeronautics of the United States Navy, stated in 
1924 that polar air routes connecting England, Japan, Alaska, 
Siberia are possibilities of the noar future. 

Many writers have since exprescod their belief in the future of 
trans-Aretio flying. But perhaps tho most vocal of these exponents is 
the polar explorer and publicist, Villijalmur Stafansson, who hns been 
pointing out the positional importance of the Arctic Basin for the past 
20 years. On amap which has the North Pole as its center, he explains, 
the Arotic constitutes a small hub from which the land masses radinte 
like spokes of a great wheel, thus lying in the contral part of a cirealar 
region enclosed for the most part by northerly extensions of rich and 
densely populated modern countries. By the logic of its position, it 


*dieprinted by permission from Reaiinle Geography, vil. 19; No.\B, uly 1042. All 
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therefore should be one of the great transportation crossroads of the 
world. 

A glance st the globe is sufficient to ilustrate the significance of 
these statements. Geographers also have designed a so-called “polar 
projection,” prepared by laying a geometric plane on the Pole at right 
angles to the earth's axis, and depicting the globe with the North Pole 
as the center and with the South Pole as the outer circumference. 
Parallels of latitude are ruled off at equal intervals in concentric 
circles and meridians of longitude are straight radial lines, Aa u 
result, the northern continents surround the central Arctic Basin and 
the Antarctic Continent represents an outer lacy fringe. This projec- 
tion is particularly interesting if population density is indicated, for, 
with the exception of India and China, the areas of densest population 
between which most aerial communication is likely to develop—tie 
immediately around the Arctic. 


‘Tama 1—Comparative distances* 











New York to Moscow: ites 
Steamship and ralirosd—via Hamburg and Berlin.______ 5,000 
Atr—via London and Bertin 5,000 
Aretio—via Greenland and toeland 


‘New York to Tokyo ; 

Ip and rallrond—via San Francisco. 

via Panama Canal 

Alr—vin San Prmetsco and Honoluta 
Aretlo—ria Hndson Bay, Vietoria Inland, and Beaufort Sea 

‘San Francisco to Moscow: 
Steamship and railroad—via New York, Hamburg, und Berlin. §, 200 
Ivostok 38, 





‘San Francisco to Londoes: 
‘Steamship and rattroad—ria New York. 
(Alomiele, ow Nite pened 
-Aretle—ria Hudson Bay, Badtin Inland, Greenland, and Teeland. 
‘Ban Franetico to Bergen: 
‘Steamubip and ratiroad—tia New York. 
Ale—vin New Tork and Londoo__. —— 
Arctio—via Raffin Iatand and central Greentand 
‘London to Tokyo: 
Steamship and raiireed—via Hambarg, Berllti, Moscow, and 
‘Viadirostot. 12,000 


via, New York and San Franelsea_____ 11,2 

Atri Maweaw Tg 209, 
‘via New York, San Francisen, and Honolulu. 1.975 
‘Aretie—via North Cape (Norway) and Novaya Zemlya 5,500 


all tintancee, sires im statute miles, are approrinate, besaame of the tnadeqpacy and 
Anconalatescios of available tablen, mapa and chacta, 
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‘TRANS-ARCTIC FLXING DISTANCES 


‘The distances of sir travel between many major locations through- 
out the world, especially within the Northern Hemisphere, can be 
markedly reduced if trans-Arctic air routes are pursued, as illustrated: 
by the accompanying tables. 

‘The distance between New York and Moscow is about 1,000 miles 
shorter via the Arctic Basin and its peripheral landed areas, From 
Seattle to Calcutta the distance is almost 5,000 miles shorter, while 
over 6,000 miles is suved along the polar route from London to Tokyo. 
Similarly, the distances between Now York and ‘Tokyo and betwee 
San Francisco and either Moscow or London is thousands of miles 
shorter via the Arctic, 

‘Further implications of polar air geography are of striking interest. 
From North Cape (Norway) it is just as far to Washington, D. Cy as 
it is to Detroit, Chicago, Des Moines, or Seattle, Chicago is as close 
to every capital of Burope as it is to Buenos Aires, Milwaukee, Do- 
troit, and other great midwestern war production centers, are closer 
to Russia by air than aro nny of tho great seaports of the United States. 








‘Pant 2—raneAretio long-distance Aving 
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‘Tho caving in mileage and time by following these Arctic airlanes 
is considerable. At 800 miles per hout—which is by no means an 
impossible rate of speed in the light of recent increases in fying 
‘rates—transports can easily carry their passengers and cargoes be- 
tween Berlin and Tokyo, Chicago and Moscow, Montreal and Igarks, 
New York and Berlin or Moscow, and San Francisco and London. or 
‘Tokyo in Jess than half the time it takes a cruck train to mhke a 
nonstop run from New York to Sin Francisca at 80 miles an hour. 
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Planes also can bridge the gap between New York and Chungking, 
Minneapotis and Botbay, or New York and Tokyo in considerably 
Jess time than the special express train will require ta cross our coun 
try. Finally, at $00 miles pet hour, wherever one tiny happen to be, 
no spot on the once wide globe is farther away than 42 flying hours. 

Unbeknown to most of us, much already has been done to utilize 
and develop these northern routes, Returning from his globe- 
girdling tour some months ago, Wendell Willkie flew from China to 
the United States, not by way of Australia and Honolitlu as might 
vory well be expected, but rather via Nome (Alaska) and Edmonton 
(Alberta). Strict censorship veils the full extent f the action taken 
in promoting polar aviation, but we are informed that millions of 
dollars Have been spent, and that Aretic routes ase Gonitantly being 
flown, Preparations also aro being made by the Government of the 
Dnited States to sponsor and protect American interests in postwar 
aviation, 

ARCTIC FLYING CONDITIONS 


But it is frequently believed that flying conditions in the Arctic will 
prevent tho establishment of dependable commercial traific. True, 
flying conditions in the polar gions axe necessarily different in many 
respects trom what they are in more temperate climates, Neverthe- 
Jess, upon closer analysis it appears that most of tha difficulties ean 
be surmounted, 

It is stated that the most ardent exponents of transpolar aviation 
consider average flying conditions over the Arctic throughout: the 
year to be bettor than they are over the North Atlantic, while the 
‘most. pessimistic writers consider then probably worse, but con- 
querable. Stefansson, ono of the most optimistic of the publicists, 
Aotes that scientists were virtually wnaninous by 1990 in agrooing 
that Arctic flying in Alaska, to be more specific, is us anfo an it iy in 
Michigan. This, he alloges, is suggested by Pan Amorican Airways 
reports to the effect that its flyers generally’ are as well satiated with 
their work in Alueka as in Brazil, that over half the pilots on its 
Alaskan lines profer January to July, und that, assuming like equip. 
ment and ground service, schediles can be maintained through the 
midiinter period with on average regularity at least as good ax that in 
the northeastern part of the United States. 

‘Temperature seems to be no more of a flying problem in the 
Arctic than elsewhere, ‘The reason for this is that planes now fly in 
temperatures. just as severe in Temperate and Torrid Zones while 
they aro at high altitudes following their established air routes Ax 
1 mutter of fact, today effective combat is waged at much greater 
heights than was believed possible-a few years ago. It is reported 
in the press that fighter planes now are regularly flying in the Jow 
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temperatures experienced at altitudes of 90,000 and 40,000 fest: or 
more, and our larger bombers repeatedly encounter temperatures of 
25° to 60° F. below zero without considering it a limitation upon their 
effectiveness, 

Tn the polar regions there is less diurnal change and less tempera~ 
ture variation thun elsewhere, Flying temperature is said to be 
hazardous neither at extreme heat nor at extreme cold, but at an 
intermediate range in the vicinity of, and éspecially. just below, the 
freezing point of fresh water, for it is ut this temperature that ice 
forms on the aircraft and weighs it down. Such freeting is not. very 
troublesome in the Tropics except at high altitudes, and even in the 
polar regions icing is less of n problem than it ix in the northern half 
of the ‘Temperate Zone—where air lines function regularly according 
to wellhintograted schedules, 

Various technological improvements were devised to prevent, or 
at least substantially, reduce, the formation of an ive covering on 
the wings ond fuselage of w plane, ‘This is evidenced by the fact 
that Bghter planes are constantly flying through the lower aerial 
zones saturated with the moisture which causes the icing, and perhaps 
especially by the fact thut effective aerial warfare is boing waged 
in the fogay and moist atmosphere surrounding the Aleutian Islands 
4nd the shipping lanes to Murmansk. Planes also are wed for recon- 
aissance purposes at low altitudes by the Soviets along the Northern 
Sea Route between our northwestern coasts and the Arctic ports of 
the Soviets. 

A number of polar explorers, including Richard E, Byril, who 
hs flown in both polur regions, contend that polar flying is prncti- 
cable onily at certain times of the year. The spring months, from 
March to May, are said to be best suited for aviation in the Arctic, 
beonnse the snow is still hard and smooth and thore is less fog than 
there is at other times of the year. But this objection seems to be 
Concerned more with landing: and taking off than, with flying. itself, 
and it certainly does not apply to long-range nonstop flying. 

At first glance it, would seem that a genuine problem of polar avine 
tion is the prevention of oil from froezing and the difficulty of start- 
ing the motors in severe temperatures. But oil will not. freeze while 
the motor is operating and can be preheated before the motor is 
started. The problem of starting the motor in sub-zero temperatures 
‘was solved some 15 yeurs ago, when it was learned that fireproof 
hoods or special coverings can bp. used to Keep motors warm when 
a landing is made, as well as for starting a cold engine, A tube leads 
from this hood down to a heater which conducts heat up to the moter, 
OF powerful warming lampe may be fitted to the motor, In this man. 
her the motor can be preheated to any temperature, and multi. 
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motored planes are fitted with so-called “communicators,” rendering 
it possible to warm one motor by the action of another, 

‘Tho greatest obstacle to Arctie fying is poor visibility due to low- 
lying clonds and fog. In the 46-hour flight of the Norge from King's 
Bay (Spitsbergen) vie the North Pole to the northern const in Alaska, 
16 hours—or about 85 percent of the time—were spent in fog. Such 
fog ist common occurrence in the polar regions, especially where 
warm air, inflowing from lower latitudes over open water, meets cold 
air over pack ice or glacier-covered and, as is the case in Arctic areas 
during the summer months. Almost all floating ice is said to be ac- 
companied by fog, but when the ico is firmly attached to Iand, as it 
is in the wintertime, the atmosphere is relatively freo from fog. 
Fog therefore seams to be n seasonal problem, but it does appear in 
winter in the region of the Bering Sea and the Aleutian Islands, where 
tho warm Japan Current enters the Arctic, and along the southern 
edge of the Aretio pack north of Europe where the warm Gulf Stream 
‘encounters it, 

But fog in tho Arctic is less dense and lower lying than it is else- 
where, Since it seldom rises to « height of over 3,000 feet, planes 
ean fly over it with little difficulty. It is also thin so that planes 
‘cun cruise at low altitudes, and becatise there are no obstacles like 
mountains, except over landed areas such as Greenland, Spitsbergen, 
and parts of Alaska and Siberia, the Arctic pilot can see through the 
fog and still retnin sufficient horizontal vision, When Arctic arens 
are properly mapped and a greater number of radio stations are in 
‘operation to give reliable bearings to the polar flyer xt all points 
along his route, it will no longer be necesuiry to fly by rivers and other 
Jandmarks, a9 is now the case. 

Opinion seems to be somewhat divided as to whether dependable 
regular and emergency landing facilities aro available in the polar 
Tegions. On the one hand, it is believed that Arctic waters provide 
dangerous landing fields, for, although the water’s surface often 
‘appears clear from above, it may be filled with small lumps of par- 
tially submerged ice which can easily wreck a plane as it tries to 
Jand. Because of the movement of Arctic ice, moreover, openings 
fail to remain open, so that.» plane, as it alights upon the water, 
may mpidly be hemmed in and crushed by the ice. In the summer 
‘months driftwood also endangers an attempt to land upon the surface 
of the water. 

As for as landing upon the pack ice is concerned, it is estimated 
‘thut perhaps:90 percent of this surface is too rough to be used suc- 
cessfully, although there occasionally are some stretches of level 
ico upon which a plane may safely alight. But even if the landing 
is achieved without mishap, it frequently is more hazardous to take 
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off from such surfaces, especially because high speeds are now neces- 
sary. 

‘Stefansson seems to be somewhat more optimistic concerning nat- 
ural Arctic landing facilities. He claims that the Aretic and the 
northern third of the Temperate Zone excel the rest of the world in 
number and quality of emergency landing fields, noting that there 
are millions of lakes which provide suitable spots for landing with 
pontoons or skis. ‘These many landing fields, he continues, have given 
polar flying greater safety percentage than exists in. other zones, 
even in the Tropics. On the Arctic pack fee there are few sections 
where good landing fields are more than 20 miles apart, there guner- 
ally being a choice of two or more within the gliding range of a plane 
if its motors stop at an altitude of a mile or more. In support of this 
contention, Stefansson asserts that during a single decade at least D4 
such emergency descents were made in every sort of weather, ovtstand- 
ing among which was the third descent of George H, Wilkins, under 
taken at night in a blizzard when he alighted upon the ice pack 100 
miles off the northern tip of Alaska. No life was lost in any of these 
descents, while the distance covered amounted to over 90,000 miles. 
Again, no lives were sacrificed in the search for the Russian flyer Lav- 
anevuky in 1987, in which some 50,000 miles were flown. 

Contrary points of view are held concerning the suitability of the 
ico cap of Greenland as « polar landing field. One group of writers 
contends that, despite a prolonged search undertaken by the Danish 
Government, there is no known natural landing field in all Greenland, 
‘The ico cap is described as an undulating plain, difficult of neces be- 
cause it is girdled by « ring of mountains which must be flown over 
and which usually constitute one of the greatest hazards of mviation 
everywhere. In addition, there are steep, jagged fissures into which 
ice pours through the mountains as glaciers. Unless the plane is espe- 
cially equipped for a perilous overland journey, an emergency Ianding 
is apt to leave the hapless party exposed to the bitter elements on the 
ice cap, Recently two daring aerial rescues of 15 stranded American 
Army flyers were disclosed in the press, but both accounts leave no 
doubt whatever as to the dangers encountered. 

‘The opposite point of view argues that Greenland’ ice eap is the 
world’s largest and finest natural landing field. Tt is said to form a 
continuous and nearly perfect emergency airdrome 1,300 miles long 
‘and up to 600 miles wide, Local gales along its cousts probably ean be 
offset by selecting nonwindy flying lanes. ‘The use of the southern 
part of the island as a route by which military planes are ferried cross 
the Atlantic seems to justify this opinion, at least in part. 

‘The majority of these hazards attending polar flying may rapidly 
be eliminated through the perfection of technological and other im- 
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provements. Since most of the obstacles are mechanical, they apply to 
flying elsewhere as well, Once they are overcome, the Arctic will 
possess the inestimable advantage of shorter distances. Even the 
Problens of fog can be ut least partially overcome by the development 
of suitable radio facilities, supplemented with appropriate polar map- 
ping, which can itself be done by planes: 

As long-distance flying increases in both extent and security, there 
is little to gainsay the future of trans-Arctic aviation. Many serial 
feats, which werv believed to he visionary but a short time before the 
outbreak of World War I, are already looked upon us commonplace, 
Who can predict what will be possible within the next decade or two 
by a fleet of superplanes, such as the famous §2-ton B-19, with a winge 
spread greater than the height of « 17-story building, with fuel turks 
containing 11,000 gallons of gasoline, and with a range of almost 
10,000 miles—whieh can carry it on a nonstop flight from San Fran- 
cisco vin Now York to London and back to New York, or from Minnes 
apolis to Bombay. Current improvements in design and construction 
‘Appear to herald fleets of matnmoth 100-ton cargo und passenger planes 
Possessing 4 size and flying range never drvamed of « few years ago: 


‘TERRITORIAL JURISDICTION 


Tr is such aerial potentialities as these that impel writers and yov- 
ernments to turn anxious eyes toward the appropriable landed areal 
that remain in the Par North. ‘The successful establishment of trans: 
Polar aerial communication will necessitate the construction of flying 
Innes, landing bases, and radio avid meteorological stations. Since the 
iw in the Aretie is in constant motion and carmot be relied upon for 
the erection of permanent facilities, polar landed territory will became 
of supreme importance, ‘The establishment of flying auxiliaries by 
the nationals of a state unquestionably sill rouse their government to 
wequire the territorial jurisdiction necessary to preserve and mairitain 
these facilities properly. ‘The race for polar territory therefore prota 
ines to be very close at hand, 

Under the recognized principles df international law, unpossessed 
territory (terra nultius) in the Artic, as well as elsewhere, can be 
Acquired juridically only by effective occupation or by preseription, 
By oceupation is meant the intention to possess the territory in ques: 
tion and both the administration of stato acts and the exercise of 
police power in sufficient strength to protect life and property snd 
render exceptional 1 breach of the laws of the oceupying state. Pre- 
scription means the exercise of stute authority over such a length 
of thine as is necessary tinder the inluence of historical development 
to create the general conviction that the present situation is in con 
formity with the interantional order. Contrary to popular beliof, 
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discovery does not accord ai perfect titly to new territory, but merely: 
affords an inchoate title which must be substantiated by effective ocen- 
pation within a reasonable length of time, 

‘A recent: Soviet: school of thought has proposed a new theory to 
govern the acquisition of polar territory in the Arotic. It is known 
as the sector principle, according to which a subjacent polar state 
‘automatically possesses all tertitory, discovered and undiscovered, 
lying to the north of its mainland and within the area bounded by 
an extension of its longitudinal extremities to the Pole. Thus, the 
Aretic, like w huge pie, is sliced into-« small number of. sectors, one 
accruing to each of the following peripheral states; Norway (Spits- 
bergen), Finland, the Soviet Union, the United States (Alaska), 
Canada, und Denmark (Greenland and Tesland), But this sector 
pringiple enjoys no validity under international Jaw and. has been 
recognived only in the municipal law of the Soviet Union, ‘The other 
five Arvtio states have either refrained from committing themselves 
upon the principle, denied its validity by implication, or openly re 
jected it in their state papers, Even the Soviet Government has not 
mado any attempt to rely upon polar sectorism in its international 
aifad 





nis, 

‘What, then, is the juridical status of the territory in tho Arctic 
Which is eo important. for the development of postwar air transport? 

Tn somo instances the reply ix relatively simple, ‘Thus, the entire 
island of Greenland belongs to Denmark, as acknowledged in 1 series 
of declarations made by the United States, Groat Britain, Franoo, and 
Japan, 1916-1920, and by the Eastern Greonland Arbitration of 198% 
botween Denmark and Norway which recognized the Birik Raudes 
Land area ns belonging {o the former. But, accarding to the recent 
announcements by President Franklin Delano Roosevelt and Secre- 
tary of State Cordell Hull, the island lies in the Wostern Hemi- 
sphere and therefore comes under tho wegis of the Monroe Doctrine, 
Which prohibits non-American states from acquiring the island. By 
and large, tho sume is true of Tenland, except that it enjoys an unusual 
autonomous constitutional position with relation to the Danish 
Crown. 

Spitsbergen, together with Boar Island, was recognized wa Nor 
wogian territory by. the Spitsbergen Treaty of February. % 1990, 
following ut: lenst a quarter century of dispute involving Germany, 
Grout Britain, Norway, Russia, Sweden, and the United States. Nor- 
way also Mayen Island, having formally announced thy 
extension of its jurisdiction over the island.on May 8, 1999, 

Since 1920 the Soviets have taken a more aggressive course of action 
in the Arctic than has any other state. Despite the decree of April 
15, 1926, incorporating the sector principle into ite municipal aw. 
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‘the Government of the U.S. S. R. nevertheless has adopted an active 
policy of effective occupation, settlement, and administration for the 
islands to the north of its mainland. ire hertz of important 
institutions were organized, especially the All-Union Arctic Institute 
for the scientific study of the Arctic, and the Central Administration 
of the Northern Sea Route (Glaysevamorput) which exercises eco- 
nomic, administrative, and judicial supervision in the Arctic islands. 
A scientific method of exploration, annexation, and colonization is 
being pursued. In addition, some 200 Arctic scientific radio and 
meteorological stations were erected, of which about 75 are located 
‘on the islands. Finally, with the assistance of an elnborate state- 
owned system of icebreaker and aerial reconnaissance service, the 
difficult Northern Sea Route, which parallels the northern shores of 
the Soviet mainland, is regularly traversed by a fleet of public cargo 
vessels, the annual shipping amounting to approximately 500,000 tons 
prior to the outbreak of hostilities between Germany and the 
USSR 

In view of this active display of jurisdictional action on the part. 
of the Soviet Government, no pretensions have been raised by other 
states to territory lying within the limits of the Soviet sectoral decree, 
except those entertained by Canada and Norway with respect to 
Wrangel Island and Franz Josef Land respectively, But the 
U. 8.8. R. has in any case established continuous settlements. on 
Wrangel Island since 1926 and has been sending annual parties to 
Franz Josef Land to supply and maintain » network of permanent 
stations established there. 

‘No known territory lies to the north of Alaska, and for some yoars 
the United States has raised no serious pretensions to any Arctic 
Possessions. But considerable interest was at one time centered in 
Wrangel Ialand and © number of smaller islands lying to the north 
of the eastern tip of Siberia, including especially Herald, Jeannette, 
Henrietta, and Bennett Islands. To the north of Canada, the 
American Government displayed some interest in Ellesmere Island 
and ut Joust on one occasion refrained from applying to the Canadian 
Government for licenses to fly over the Sverdrup Islands (Axel 
‘Heiberg, Amund Ringnes, Ellef Ringnes, and a number of surround- 
ing smaller islands), which is required under Canadian law and 
which would have acknowledged our recognition of Canadian jutis- 
diction over these islands. As far as Greenland is concerned, the 
American Government always has been actively interested. Upon 
tho insistence of Secretary of State William H. Seward, a valuable 
report was prepared on the island as early as the 1860's with a view 
to possible annexation; in 1910 there was some discussion of the ces- 
don of the island by Denmark to the United States in exchange for 
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the Philippine Islands, which in tarn were to be ceded by the Danish 
Government to Germany in return for northern Schleswig; 6 years 
later the American Government agreed not to object to sn extension 
of Danish jurisdiction over the entire island; and, finally, within the 
Jast fow years Greenland was acknowledged to constitute n part of the 
Western Hemisphere and is therefore subject to our special interests 
under the Monroe Doctrine, 

‘The Dominion of Canada claims all the known islands lying to 
the north of her mainland. This pretension has not always been 
respected, aa indicnted, so that for the past 15 years a serious 
has been made to subject the entire island empire—as embraced within 
the jurisdiction of the Northwest Territories und Yukon Branch 
of the Canadian Department of Interior—to effective state adminis: 
tration. This is promoted particularly by the establishment of Royal 
Canadian Mounted Police posts on the fringe of tho islands area, by 
extensive. police patrols centered about these posts, by an earnest 
attempt to enforce the Canadian legal system in the vast region, and 
by the exploits of the Annual Arctic Patrols, which man and supply 
the posts, ‘The Dominion, like the Soviet Union, therefore is seeking 
to establish an absolute juridical title to the polar territory ndjucent 
to its mainland. 

Tn this manner, Denmark, Norway, the U.S, 8, R, and the 
Dominion of Canada possess, or claim to possess, all known territory 
within the Arctic Basin. Moreover, under international law, states 
enjoy all rights of jurisdiction over the air space superjucent to their 
domains, ond the air routes which traverse the Arctic will cross 
the territory of these four states, If their pretensions to the territory 
are ncknowledged us valid tinder law, they will be ina position to 
control the major share of the trans-Arctic air lanes, On tho other 
hand, if their claims are controverted, serious jurisdictional disputes 
may arise, as was the ease with Spitsbergen, Wrangel Island, and 
eastern Greenland, 

‘To avert such controversies, it would seem advisable for the poet- 
war conference of states to establish a practicable solution for the 
international control of the matter. The problem of territorial 
jurisdiction should be solved in advance by an international under- 
standing through the establishment of specific principles of law, 
as was effected at the Berlin Conforenco of 1884-188, when the 
majority of the Powers recognized the principle of effective occupa- 
‘tion as essential for the ji 1 acquisition of African constal lands. 
‘This is n matter of first magnitude and should be resolved before a 
host of jealously regarded vested interests are created, At present, 
Potential disputes are largely legal in nature and therefore are amen- 
able to justiciable solution. But if proprietary interests with exten- 
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sive financial backing are permitted to develop, the muntter of resolt- 
tion will he infinitely more difficult. Experience his shown beyond 
a shadow of doubt that disputes involving important economic and 
political interests are far more difficult to solve than are those of a 
purely juridical nature. 

A series of multilateral sir law agreements also will have to be 
decided upon, and it might be profitable if an international body 
wore established to administer such problems ag reconnaissance, the 
surveying and laying out of transport lanes, the allocation of fran- 
cchises, the adoption and enforcement of administrative air regula- 
tions, und the like, But these suggestions can readily be agreed upon 
if the jurisdictional issues are settled. 

On a mumber of occasions it hns been proposed that remaining 
umoceupied polar territory be recognized us belonging to the Society 
of States (i.¢., as res communis rather than as territory belonging to 
noistate, res nullius), ‘Then no. state could legally acquire « valid 
title to the territory and no title of an individual state would bo 
valid ns against the others. Naturally this applies only to island 
territory, and doos not include those islands already consigned to 
8 particular state by intornationn! agreement—as was the case with 
Greenland and Spitsbergen—and those islands which can he con= 
sidered as appertaining to a state by virtue af prescriptive rights. 
All remaining Arctic island territory should be internationalized, 
to be administered either by the League of Nations or its future 
counterpart, by some special international administrative agency, or 
by some qualified individual state as-n mandate, 








OUR PETROLEUM RESOURCES: 


By Wanace®. Parr 
‘Btotidore Olt Conipiiny (New Jersey) 


‘As “a-nation on wheels” we came long uggo to rank petroleum, the 
source of lubricants and liquid fuels, close to the top of our list of 
‘esséntia! commodities. Recently, as a uation at war: utilizing petros 
Jour as raw material for indispensable plastics and syntheties, inelud= 
ing rubber, and even for the TNT of our bombs ‘and high-explosive 
shells, we have accorded it 4 still more important place in our national 
economy. Barring the conquest of some new, revolutionary form of 
energy, petroleum must continue to be one of Americn’s paramount 
necessities. 

What, then, of petroleum for the futuret We all realize that the 
petroleum resources of the earth are a waning asset; so far ns the needs 
of mankind are concerned there is no renewal of supply. How large 
are the reserves available to us and where are thoy situated? 

‘The following quotation is typical of recent press eomment-on the 
subject of our petrolewin reserves in the United States: “This nation’s 
proved reserves of pétrolourn now biilk some twenty billion barrels a 
quantity equal to om present peacetime requirements for a period of 
about 15 years. Over the Inst thres yeats our discoveries of new re 
serves have consistently’ failed to balance our anntial consumption.” 
‘Theso oversimplified figures, though entirely accurate, lend themselve= 
readily to misinterprétation. Many people conelude from them that 
16 years hence we will hav no gasoline for our automobiles. They 
even fear critical shortages of petroleum products for present war 
neds. ‘The misunderstanding might in some degree be dispelled if 
the facts wore more fully revealed, 

‘The statement: quoted lends to the assitmption that our 20 billion 
barrels of proved reserves in the United States constitute our total 
remuining resources in petroleum. Yet in fact our Lotal resources far 
‘exceed our proved reserves. In the first place mach petrolewin rémains 
to be discovered in the United States. Less than half the total area 
promising for petroleum has been thorongtily explored. In much of 
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the region already producing, anly the upper layers of the petroleum: 
bearing rocks have been tapped by the wells so far drilled. Underlying 
the beds from which petroleum is now being withdrawn in many of 
‘our great oil fields there remain thousands of feet of rocks, still un- 
touched by tho drill, which may very well yield petroleum when they 
are tested. 

‘Our total past discoveries of petroleum in the United States amount 
to about 48 billion barrels. We have explored great areas which most 
of us huve agreed ware of little promise, Yet our past experience has 
proved that from 1 to 2 percent of the total ara in which we may 
reasonably hope to find petroleum actually produces when thoroughly 
tested. If our average experience in the arva already thoroughly 
explored is valid, then thorough exploration of the entire ares in the 
‘United States in which it is reasonable to expect to find petroleum 
should yield as much additional petroleum as we have already found. 

Moreover, the statement under consideration overlooks the fact that 
in addition to the 20 billion barrels of liquid petroloum reserves we 
havo also in the United States proved reserves of natural gus equivu- 
Jent-in energy content to about 17 billion barrels of petroleum. Nat- 
ural gas is really petroleum in another form and with moder tech- 
nique is readily convertible into liquid! fuels, although the cost of 
conversion is still somewhat higher. We should not overlook our 
reserves of petroleum in the form of natural yas, 

Again the statement ignores the fact that the Ameriean petroleum 
industry, operating abrond over the last, 80 years, has developed addi- 
tional petroleum resources in other countries, ‘The remaining proved. 
‘reserves in. these oil fields easily amount to-another 20 billion barrel: 
or more, These reserves in the hands of American nationals in other 
countries have always been available to the American consuming pub- 
lic in normul times, and they constitute an important supplementary 
proved reserve of petroleum, 

‘The current discussions of the amount of our petroleum reserves 
seldom touch on the facts that in the past we have usually recovered 
only about-40 percent, or less, of the total volume of petroleum origi- 
ally present in our oil fields, and that, on the basis of this past expe- 
rience, proved reserves are customarily estimated at about 40 percent 
of the total volume of petroleum in the natural reservoirs in which the 
estimates apply, Our estimates of reserves include only the petroleum 
that we know from experience will flow more or less spontaneously into 
the wells that are drilled. ‘The sum of our estimates of proved reserves 
plus the potroleum already discovered in this country, some 48 billion 
barrels, represents, thorefore, s total original volume of about 120 
billion barrels. After the estimated yolume of our proved reserves: 
has been completely recovered there will still remain underground in 








OUR PETROLEUM RESOURCES —PRATT 209 


‘our depleted oil fields some 70 billion barrels of petroleum. With 
improved mettiods of secondary recovery much of this additional re- 
serve is certain to be reduced to possession and utilized over the long 
future, 

Tn summary, then, the total proved reserves of petroleum in the oil 
fields already discovered by Americans, at home and abroad, are of the 
order of 40 billion barrels. Associated with these reserves of liquid 
petroleum there are proved reserves of natural gus, or gasoous petro- 
Joum, equivalent in available energy to an additional 17 billion barrels, 
or more, of petroleum. Thus we have a minimum proved reserve of 
57 billion barrels of petroleum in the hands of the American petroleum 
industry, And after this entire reserve has been exhausted there will 
remain in the ground in all the oil fields in the United States from 
which our past supplics have been withdrawn an additional 70 billion 
barrels or so which we may certainly. hope ultimately to reclaim in, 
part by improved methods of recovery. 

As to the decline in the rate of discovery of new oil fields in the 
‘United States, it should be realized that our normal oil-finding effort 
has boen » war casualty. The failure to discover « larger number of 
new oil fields is largely due to the fact. that finding oi has been sacri- 
ficed to other objectives which we have felt were more important to 
the national welfare in time of war. Crudo-oil prices were at low 
levels when we entered the war, Proved reserves had been increasing, 
there was little incentive to risk capital in exploration, # hazardous 
venture at best. In the midst of thia depressed situation broke out 
and denied to the petroleum industry the critical materials, the man- 
power, and the price increases that were essentin! to stimulate explora- 
tion, Except for these restrictions *wildcatting” by the thousands of 
small independent enterprises that constitute the mainstay of our oil- 
finding industry would have been multiplied and our national discov- 
ery rato would certainly have maintained higher lovel. Oil finding 
is an increasingly difficult undertaking in this country at best, but 
during the recent emergency we have simply failed to sustain normal 
exploratory activities. 

A significant fact which may be deduced from the statement we 
have quoted is that our ordinary peacetime consumption of petroleum 
in the United States amounts to 450 gallons per capita annually, 
Compare this figure with the annual consumption for the average 
citizens of the rest of the world, which is 15 gallons; or with 80 
gallons for the average citizen of the United Kingdom, or 50 gallons 
for the average Russian, We use 30 times as much petroleum par 
capita ns the rest of the world uses! 

Petroleum in the modern world is potential energy. With our 
machines it is converted into mechanical work. High standards of 
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living result from #. large per capita production of goods: ‘The eul- 
ture of ancient Greece was founded on the labor of human slaves. 
‘Our high standards of living rest largely upon the mechanical work 
done for us by petroleum. ‘The consumption of petroleum in this 
country provides us with the work equivalent of more than 4 billion 
able-bodied men laboring 8 hours a day, 6 days a week, year in and 
year out! In effect our petroleum provides us with an average of 
80 strong, able-bodied slaves for every. mau, woman, and child in the 
United States; for the average American family, petroleum does the 
work of « staff of 144 servants! 

‘This fortunate condition, America's abundant supply of petroleum, 
is duo, we ure commonly asked to believe, to the fact that our country 
has beon blessed with unusually rich natural resources af petroleum. 
‘This ina mistaken idea and to accept: it is to ignore an even more 
precious heritage with which ay a nation we have been blessed. 

We have produced more than 60 percent of the petroleum the 
world has consumed so far. But this does not mean that we possess 
00 percent of the world’s petroleum, Outside tho United States ex- 
ploration for petroleum hus hardly begun. ‘The fact is that most of 
the really rich petroleum resources of the earth lis outaide our na- 
tional boundaries. In comparison with them the quality of our do- 
mestio resources appears rather meuger, Tho areas of first-class 
promise for petroleum over tho earth's: surface aggregate somo 
tnillion square miles; of this total, about 15 percent, or less than 1 
million square miles, aro included within the boundaries of the United 
States. When the petroleum resources of the earth have finally been 
fully developed it will probably haye been established that Jese than 
16 percent of the total petroloum in the earth's crnst lay beneath the 
surface of the United States, 

‘What we in Amerion have been blessed with is a native genius 
which, in combination with our political and social cancepts, has en- 
ablod us to explore for’ petroleum more effectively atid to discover 
the hidden resources in our country more rapidly than any other 
people on earth. Our abundance of petroleum has come to us. be- 
cause we dug down into the earth all over the Jand uritil ‘wg found it, 
No other nation has made any comparable eflort to develope its petro- 

resources. 

‘To tho task of oil finding, in addition to the method of applied 
sience and a flair for industrial organization, we have brought the 
spirit of the pionsor, To an ingenuity which enabled is to design 
and operate the ponderous mechanical’ equipment required to drill 
and recover petroleum from wells of unprecedented depth, we have 
added the frontiersman’s characteristic risk-taking instinct, Driven 
by this instinct, equipped with this machinery, wa have gone about 
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over our country searching for petroleum, setting up, hundreds of 
independent’ wildcatting enterprises, seine thousands of peatiek 
tory wells every your for a generation. Our geographic frontiers 

Uaving been subdued, we have searched out a new frontier ja the 
vertical dimension, beneath the surface of the earth, ‘The conquest 
of this new frontier has brought us our abundance of petroleum und 
the high living standards that it sustains. 

Every nation has this same vertical frontier but no other nation has 
explored it uswe have, Over much of the earth, where the natural 
obstacles ate no more formidable than those we have surmounted, 
politionl and social burriers have prevented the effective development 
of petroleum resources, We, too, might have failed had we not ene 
joyed our traditional freedoms, Restrictions by the State on the 
right to drill exploratory wells, Stato ownership of minerals, State 
monopoly. of rights to explore—any of these restraints would have 
gravely handicapped tho search for petroleum we have carried out 
inthe United States, Kven the presence of w landed gentry: with 
unbroken ownership over Inrge areas, in contrast to our widely 
divided ownership in small tracts, would have seriously retarded 
our efforts, Our mothods could not have been employed successfully 
in any other than an atmosphere of democratic free enterprise. 

Tf the wells we drill into the earth ure successful they usually one 
counter petrolemn in the pores and small voids of marine sedimentary 
rocks, The petroleum is derived, wo believe, from the orgunie re 
mains of former marine life, Sedimentary rocks are the muds, sands, 
and oozes that have uccumulated on the floors of seas in past geologic 
‘ages, ‘The hardening of these materials into rock has taken place 
slowly under tho pressure of the load of later sediments deposited on 
top of them. 

‘The search for the potroleum resources of the earth, talking account 
of this theory of origin, should be directed to those regions where 
‘in the past marine sediments rich in organic matter have been laid 
down in great depth and volume. Marino life, the source of orgunie 
matter, abounds in surface waters near shore, and marine sediments 
also ary deposited in greatest volume nour shore, whore the streams 
from the adjacent land drop their load of mud and sund. \But-for 
sediments to accumulute to a great depth it is necessary for the-sea 
floor to subside as fast: ns the load of sediments is laid down upon it; 
otherwise the ares fills up and! becomes land, und sedimentation 
‘ovases. Henee the search for petroleum turns to the unstable belts of 
the earth's crust where there is delicate, prompt response touny change 
in load. 

Also it is necessary for the organic matter that results from abun- 
dant marine life to be preserveil until it sinks to the bottom and is 
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‘actually entombed in the accumulation of sediments. It must not be 
destroyed by oxidation or devoured by the marine scavengers that 
normally feed upon such materials, 

‘There are two common environments frequently recurring in earth 
history in which organic matter, falling to the bottom of the sea, is 
effectively preserved for burial in the accumulating sediment: seas 
into which fine muds pour so rapidly that the stagnant bottom waters 
are too foul to permit the presence either of oxygen or of marine 
seavengora; und “desiccating” seas, those Jand-locked bodies of water 
all but cut off from the ocean proper, which are subjected to con- 
tinuous evaporation so intense that they become highly concentrated 
and the various salts normally dissolved in sea water are precipitated, 
settle out, and accumulate as “avaporites"—limestone, dolomite, salt, 
anhydrite, eto—on the sea floor. ‘The waters of such seas become so 
sulty that no life and very little oxygen ure found in thems, except 
in the surface layer which is diluted by. rainfall and by constant. or 
periodic inflow of fresh sea water from the adjacent ocean. 

When we survey the earth for evidence of conditions in the past 
which would best fulfill these specifications for rich and extensive 

umn resources, our attention is soon drawn to the unstable belts, 
covered much of the time by shallow seas, which lies around the mar- 
gins of the main continental platforms, between them and the great 
ocoanic deeps. We note particularly the shallow depressions in the 
earth's crust, which throughout much of the earth's history have sep- 
arated the soveral continents at their points of closest mppronch. 

‘The best known of these troughs or depressed segments between the 
continental masses is the region now occupied in part by the Persian 
Gulf, the Mediterranean, Red, Black, and Caspian Seas, lying between 
the continents of Africa, Burope, and Asia; another conspicuous basin 
‘oocupied by land-locked seas is the site of the Gulf of Mexico and the 
Caribbeun Sea between the continents of North and South America 
in the Western Hemisphere; a third is the shallow island-studded sea 
lying between the continents of Asia and Australia in the Far East. 

‘Through one geologic cyclo after another these intercontinental de- 
pressions have been filled with shallow, lund-locked sens, teeming with 
‘marine life, into which sediments poured rapidly from the land on all 
sides, Frequently, too, these depressions have been the sites of Ydes- 
iocating” seas. Tho earth's crust beneath them is unstable or mobile 
and yields readily to stresses, Altogether these depressed. zones 
between the continents seem admirably constituted to serve as natural 
reservoirs for the petroleum resources of the earth; and as soon as we 
look for petroleuin in these regions we find abundant evidence of its 
presence. 
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‘Tho earliest historical records of the Neur East refer to bitumen, 
burning springs, eternal fires, and other phenomena which unmistak- 
ably indicate petroleum and natural gus escaping wt the surface. In 
modern times this region has developed the outstanding petroleum 
reserve of the earth, Russia's greatest oil fields are situated here, as 
taro the famous cil fields of Iran and Traq, owned largely by the British. 
Arnbia, where exploration was undertaken for the first time by Ameri- 
ans only a few years ago, has alrendy built up very large proved re- 
serves of petroleum, und undoubtedly other important discoveries will 
follow. ‘The important oil fiolds of Egypt and Rumanin fall within 
this area. 

Next to the Near East in importance are the environs of the Gulf of 
Mexico and the Caribbean Sea in the Western Hemisphere. Around 
the northern shore of the Gulf of Mexito are situated fully one-half 
of tho total proved reserves of the United States, ‘Tho tremendous 
past production of Mexico, Colombia, und Venemela has come from 
the lund fringe along the western and southern margins of this region. 
Further exploration in all these countries is certuin to yield many new 
discoveries, 

In the shallow depression between the continents of Asia and Ant 
tralin in the Far East are the grout off fields, owned largely by tho 
British and Dutch, on the large islands of Borneo, Sumatra, Java, and 
New Guinea. 

Tf wo novept the prowar estimates of the Russians that their praved 
reserves of potroleum are of the order of 45 billion barrels, the total 
proved reserves for the oarth may bo safely pluced at somewhat more 
than 100 billion barrels, Fully 90 percent of these proved reserves 
lio in those three intercontinental depressions, and it is generally con- 
ceded that these regions also include the best territory by far for 
further exploration for petroleum. 

‘There is a fourth great deproseed segmont of tho earth's crust bo- 
tween continents which, except for the forward-looking Russians, has 
escaped any real consideration so far by the world’s petroloum indtis- 
try. This region lies between the continonits of North America, Eu- 
rope, and Asia. Tt covers the North Pole and is ovcupied by the Arctic 
‘Sea, » land-locked body of water into which sediments have been 
transported by the streams draining three continents throughout much 
of geologic time. We are uccustomed to think of the waters covering, 
the North Pole as the Arctic Ocoan and our maps commonly designate 
them as an ocean, but they are in tenlity wland-locked sea, a fact long 
recogtiized by tho Russians and other European peoples. 

Evidences of petroleum are conspicuous at many places along the 
coasts which encircle the Arctic Sea. Near Point Barrow in nortliern- 
most Alaska there ure copious oil seepages. At Fort Norman, 65° 





304 «ANNUAL REPORT SMITHSONIAN INSTITUTION, 1944 


north latitude, on the lower Mackenzie River, in northwestern Canada, 
‘major oil field has recently been developed. On the islands north of 
the mainland of western Canada seopages of petroleum from the rocks 
‘at the surface were noted by Stefansson during his Aretic explorations, 
At numorous localities marked by surface escapes of petroleum: and 
natural gas along the Arctic coast of Siberia, over # distance of 3,000 
miles, Russinn engineors have been engaged for years exploring for 
and producing potroloum. 

‘The geological character of the Arctic region and the evidences of 
petroleum in tho rocks that: make up the cousts of the Arctic Sea both 
justify the belief that this region will eventually prove to contain some 
of the important petroleum resources of the earth. 

As long ago as 1888 Edward Orton, « distinguished geologist en- 
guged in n study of the petroleum resources of the State of Ohio 
observed: It is obvions that the total amount of petroleum in the 
rocks underlying the surface * * * is largo beyond compnta- 
tion.” Since Orton's time we have extended our exploration for pe 
troleum much more widely over the earth and, although we have not 
ag yet even begun to exhaust the possibilities, we have already learned 
much to substantiate his conviction that the total amount of petroleum: 
in the rocks underlying the surface “ix large beyond computation,” 
Novertheless tho belief porsists that our potroloum fesourous aro on 
tho vergo of exhaustion. Even though we have been obliged repent 
edly to rovise upward our previous estimates of their probable yolttme, 
wostill fear imminent shortages of petroloum products. Will nothing 
we have learned serve to dispel this extreme pessimism t 

Petroleum and coal, our mineral fuels, aro fossil sunlight of 2,000 
million years of earth history. Tn our natural resources of coal there 
is prevorved for us part of the enorgy of the light whieh han bathed 
the Iand; in petroleum we recapture some of the energy of the sunlight 
which fell upon the adjacent waters, ‘The cont resources of the earth 
we have measured, and wo can caloulate their volume with reasonable 
‘accuracy, a minimam quantity which rans into thousands of billions 
of tons—7,500 billion long tons. But the petroleum resources of the 
earth, which we cannot as yet measure, we refuse to think of as more 
than a fow tons of billions of tons—ess than one-third of 1 percent of 
‘our proved coal resources. Why do we belisve there is so much lost 
petroleum than coal inthe earth? Was the life in the old seas so much 
less abundant than that on the land? 

In recent years Parker Trask and othors have made extensive inves- 
tigations of the sedimentary rocks of the earth. We know that of the 
present Iand surface, some 60 million square miles, more than onesthird 
is composed of sedimentary rocks; that is to say, an ures of 23 million 
square miles of the present land surface of the earth hus been covernd 
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by seas ut times in the past, Of this total ures of former sea floors the 
rocks comprising about 6 million square miles ure of 4 general eharac- 
ter which make them of first-class promise for potrolenin; they are 
present in great depth atid are otherwise favornble for the occurrence 
‘of petroloun, ‘The remaining wrea of 16 million square miles may 
also contain petroleum, but its genera! character is less promising and 
itis rated of secondary importance. 

Among other characteristics of sedimentary rocks Trask sought to 
determine the organic content. In this research he examined the rocks 
which constitute the floors of existing seas us well ns those of former 
sea floors, "The rocks from the floor of the deep ocean proved to contain: 
‘but little organic matter, But rocks formed in seas, near shore, were 
found to be much higher in organic cantent. Of the rocks now forming 
on the floor of the Black Sea, for example, organic matter constitutes 
more than 35 percent by weight. In the rocks from the floors of former 
seas Trask found the organie content to range up to 10 percent by, 
weight, averaging 1.5 percent, ‘Trask estimated the average organic 
content of the rocks in the floors of all present seas at 2.8 percent by 
weight 

Do these estimates promise enough organic matter to constitute 
source material for petroleum resources larger than. we customarily 
reckon ont Let us confine our attention to the area of sedimentary 
rocks of first-class promise for petroleum, some 6 million equate miles, 
excluding the remaining 16 million square miles entirely. Let us 
consider only that portion of the first-class area which is within easy 
reach of the oil man’s drill, eliminating all possible resources more 
than, say, 7,000 foot beneath the surface, despite the fact that « large 
proportion of our present supply of petroleum comes from, greater 
depths. Lot us apply to this restricted portion of the sedimentary 
rocks of first-class promise for petroloum only the average organic 
content estimated for the floors of all existing seas. 

Even on this minimum basis we obtain an estimated quantity of 
organic matter so large as to balile comprehension—a quantity. 200 
times greater in weight than the total coal resources of the earth! 
If only one-half of 1 percent of this organic mutter had been con- 
verted into petroleum, concentrated and preserved for tis in the 
tintural reservoirs of the earth's crust, our total petroleum resources 
would equal our total coal resources. If only one-tenth of 1 percent 
had been so preserved for us, our total petroleum resources would still 
‘be 60 times greater than all the petroleum we have so far discovered: 
that is, all our past consumption plus all our proved reserves, 

Tn view of these figures it is not unreasonable to suspect that the 
problem we face is not 4 dearth of petroleum in the eurth’s crust so 
much as our failure to explore adequately and develop the resources 
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that are as yet undiscovered. If wo now set ourselves to the task 
all over the earth es effectively nz we have already done in our coun- 
try we should be able to establish tremendous additional reserves. At 
any rate, if our total petroleum resources are as limited as we fear they 
muy be, the explanation does not lie in any original luck of organic 
source material in the sedimentary rocks of the earth's crust, A very 
small fraction of tho organic matter originally present in the most 
promising rocks would have suficed as raw material for 1 groat deal 
more petroleum than we have as yot discovered. 
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WOODS AND TREES* 
PHILOSOPHICAL IMPLICATIONS OF SOME FACTS OF SCIENCE 





By Pumpmuce 1 Kaecken 
Oho University, Athens, Ohio 


Somo of you, Tam sure, are wondering why # zoologist should 
presume to discuss a subject which apparently lies within the domain 
of tho botanist. Of course to be strictly zoological I might have 
used the words formicaries and ants, but no one before me has said, 
“One can’t seo the formicary for the ants,” and I do not presume to 
establish # saying, 

T have had considerable experience instructing the general arts 
college student, the student who takes zoology as a college 
Mont and without thought of continuing in the fleld beyond the limits 
of the course. Each year at about. this season, after all the tumult 
and the shouting of instraction have died down, in the wee small 
hours of the fading academio year, I take stock and ask myself in 
troubled seriousness, “Whnt have I canveyed tomy charges!” Facts, 
most certainly; but facts without their significance are ax food with- 
out vitamins, Ono is filled but does not thrive. Hence, 1 query, 
have I been content to show to my students merely: the trees of fact, 
each after each in all their intricacy of detail, or have T also taken 
them to a vantage point and shown them the beauty and majesty of 
the forest! Have I, in other words, taken full advantage of the 
opportunities which President Brown of Denison at our Inst moet- 
ing s0 eloquently ascribed to the instructors of science. You will 
remember that in the course of his remarks he humorously itemized 
the tongue-twisting terms that met his gaze as he reviowed the requiisi- 
tions of his scientific staff. President Brown, however, anw beyond 
the terms and the facts they represent. He saw thom as a means, 
not as ends. Unfortunately, some members of our scientific fra- 
ternity, not to mention the man in the street, see only the terms, 
Nothing is so revealing, so pathetically revealing, as the desperate 
efforts tho casual acquaintance makes to find « common ground of 

‘Aiddewss of the retiring presideut of the Oblo Acidemy. ot Sclonen delivered at the 
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Anuuit meeting of the Acstemy held tn Columibin Obs, April 0, 1043. Reprinted by 
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conversation once he discavers you are a zoologist. All too aften he 
amusingly, likewise tragically, attempts to recall a name—olt, yes, 
he says, I studied zoology once. Let me see, what is the namo for 
oysters and clams? * * * That man has seen the trees, I won- 
dor whether he was ever shown the woods; whether he was trained in 
anything but bare facts. And I wonder too whether, perhaps still 
more unfortunately, the significance of significances was ever appre- 
ciated by his instructors, 

‘The trees and not the woods loomed large in the remarks made by 
4 colleague of mine, a purveyor of the humanities, on the occasion of 
# round-table discussion between a faculty gronp and students on the 
ever-recurring topic of science and religion. The immediate ques. 
tion nt istue was the relation of scientific facts to religion, My col- 
Jeague was of the opinion that the two could be in no wise related. 
By way of illustration he pointed to the facts of meteorology; certain 
conditions of temperature, fooisture, atmospheric movement we 
know result in rain. How con that knowledge possibly have any 
connection with religion, he queried. The answer, as we wall) know, 
is simplo, This certainty of results which the meteorological facts 
represent tnkes much of the mystery and consequent uncertainty out 
of the comings and goings of the weather. ‘To just that extent we 
‘feel secure and in harmony with the powers that ride the storm. 

My colleague's query did double duty. It revealed the barren trees 
of both science and religion but the woods of neither, ‘The funda- 
mental yearning which the appeal to religion strives to fullill is 
the yearning for seenrity, « yearning which grips all of us, We 
tremble before the overpowering uncertainties of enveloping fate, 
the unknowable, and strive to achieve harmonious relationship 
through religious experience, The woods, which apparently neither 
the scientific nor the religious experiences of my colleague had 
revealed to him, were that just ax the all-compelling quest manifested 
through religion is the quest for security, so the all-embracing fruit 
of sciene is to alford security; the security thnt frees from the bonds 
of uncertainty and superstition and soothes the troubled soul with 
the peace that passeth understanding, 

‘This doctrine of security, tho teaching that we live in an environ- 


ment ordered understandable principles is as old as 
Science itself, the leit motif that haa threaded its guiding way through 
soientific throughout the ages from the times of the 


lished note within the year, “One great change which occurred in the 
period from Thales to Plato was the substitution of a 
even a universe, of Inw for the older world of caprice.” And with it 


*Selamen, April 24,1962, 
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there was born a new thing, “science,” which ax Burnet? so aptly 
definies in his survey of Greek philosophy is “thinking ubout the 
‘world in the Greek way.” 

To return to my colleague and, T fear, to many others like him, 
what « woeful yoid there must have been in what he reped from 
science, perhaps also in the guidance offered him by his mentors. 
One is moved to paraphrase the biblical interrogation, what doth it 
profit.a man to gather the facts of science and lose its soul! 

One group of scientific facts, its bare, sunt trees stripped of their 
pleasing foliage, tells us that every particle of mutter is «ttracted 
by every other purtiole in proportion to the product of tho masses and 
inversely ws the square of the intervening distances, ‘These fow 
words represent a vast uumber of subsidiary facts and a prodigious 
amount of painstaking effort in their formulation, Ib is known to all 
who mull them over that they explain the flouting of a mote of dust 
to the ground and in the same breath the grand movement of the 
planets through space. Iam wondering, however, how many of those 
Who hays burnt the midnight. oil in mastering these facts, iow many 
of our students, indeed perhaps, how many of their instructors and 
how many of our friends in the humanities like my colleague of the 
religious discussion have boen taken toa motintain top from which 
thoy have boon able to see thie these samo facta have served also as 
guidlopost in our quest of tho ultimate, in molding man’s interpretation 
of his universe, in orienting himself in time and space; that they hays 
beon one of the things which hus helped to satisfy man's wonder, the 
wresome wonder that comes over one as be gazes into the depths of 
star-studded winter sky where wonder leads to wonder and ono is 
movod to breathe the thought, “What is man that thou art mindful 
of hima” 

As Sir James Jeans * points out, “he Jaw of gravity was important 
not 50 much because it told us why an apple fell to the ground or why 
the earth and planets moved around the sun as because it suggested 
tho whole of Nature was governed by hard and fast Jaws—in the light 
of Newton's work—Man began to see that he was free to work out 
his own destiny without fear of disturtuance from interfering gods, 
spirits, or demona” Or again to partly paraphrase Dampier, New- 
ton’s mduction of the phenomenon of gravity to mathemutical terms, 
coupled with the work of Copernicus and Galileo, in one grand sweep 
validated terrestrial mechanics in colestial spaces and eliminated with 
finulity tho Aristotelian and modieval doctrine that “the heavenly 
bodies are divine, incorruptible and different in kkind from our im- 


rly Creek philosephy, 44h ei, 1080, 
‘Selenttc progreen. 


‘Ble Willams Damplie, A history of silence, 188. 

















810 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1944 


perfect world.” ‘The effect was oven deeper and struck nt the very 
roots of religious beliefs in that it was made “imposible any longer 
to gaze into heaven just above the sky, and to shudder at the 
rumblings of hell beneath the ground.” Consequently, as Brett * com- 
ments, “The seat of religious belief was thus moved from the heart 
to the head; mysticism was excommunicated by mathematics, * * * 
the way was opened for a liberal Christianity which might ultimately 
supersede traditional beliefs.” 

Incidentally a statement like that is indeed cowforting to a zool- 
ogist. It lifts from his shoulders some of the burden placed there by 
the populace for having undermined ancestral beliefs. 

Biology’s central contribution to human thought has been the doo- 
trine of organic evolution. ‘This doctrine has brought coherence and 
‘order and significance to a multitude of otherwise apparently discon 
nected facts and theories within the feld of biology itself and has 
opened up wide vistas of vision in other fields ns well. It is undoubt- 
edly superfluous to mention this to a scientific assemblage such as this, 
but there are scientists, even biologists, who tend to belittle the impor- 
tance of evolution in the scheme of instruction. And here again I am 
moved to wonder whether we see the woods as we look nt the trees; 
whether we consider the fact of the evolutionary origin of anitnale 
‘and plants as an end in itself and the meticulous details of evidence 
as ends in themselves or whether we look upon them as means to a 
broader end. As ends in themselves they are probably pleasant bed- 
time stories, if you like that kind of story. ‘They are facta and add 
to one’s store of such things, if your hobby is making a collection. If 
that is the spirit in which one presents the matter embellished for good 
measure with much precise detail, I fear that in the words of the phi 
Ioopher, Irwin Edman, once applied to some of the humanities, it 
will be shortly “dying of anemia, of archeological hardening of the 
arteries and will become a corpse handled conscientiously hy solemn 
morticians.” 

As means to an end the formulation of the doctrine of organic ovo- 
ution, like the formulation of the principles of gravity, hns served un 
the factual basis for « reorientation of human conceptions. If Newton 





ity of human institutions as well as of animal bodies. Tt has destroyed 

ity. Ifman as an animal is the product of change, his institution, 
the state, as a sociopolitical organization is not immutable. What 
served the purposes of our fathers may not of necessity serve ott 
And so also have we been conditioned to discard the concept of absolu. 


"G5 Diet, Sir Inne Newton, 1929, 
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tism in the field of economics, With changing times come changing 
economic principles. 

Organic evolution with its handmiaiden, natural selection, has de- 
stroyed the sociological equalitarianism of the French Revolution, 
All men may be equal before the aw; they are not equal before the bur 
of life. Gone, too, is the categorical dictum ug a basis for morality 
and in its place has come racial experience, those standards which have 
survival value for the race. Morality in this light comes to mean 
allegiance to that eode which will enable one’s countrymen to live anid 
to have life more abundantly, For those who may mourn the pussing 
of the eategorical standard, lot me say that racial survival is.a-far 
more exacting standard than one which, perchance, permits of com 
pensation by doing penance. ‘The youthful monkey merrily swinging, 
from limb to timb who misjudges lis mark gots no second chance and. 
Teaves no descondarits. Tt is, indeod, easier for w camel to pass through 
the neodle's eye thun to chent the laws of life, 

‘There is tonight no time, evan if this could be considered an wppro- 
priate place, in which to traco all the ramifications of our racial expo- 
rience as a standard by which we may ordor our lives. Howevur, I 
should like to enlarge upon one phase of our experience which does 
appear to be poculiarly applicable to the present stato of world affairs. 
Julian Huxley,’ in discussing man's achiovemwnts points out, as have 
others, that “the next step of greater control must be over man him- 
self * * * through (among othor methods) doing away with 
nationalistic drives and superimposing an international form of gove 
ernment on the world.” ‘To a biologist there straightway comes the 
question, what evidence have we that cooperation is any niore success. 
ful than isolation ax a biological method! Has not the atch isolution- 
ist, Amoeba, survived for millions of years and have not thousands of 
other rugged individualists beon snecessfal among the animal hordeet 
‘That interrogation immediately poses another—what is success! And 
to andwer one must differentiate between survivul and mastery. An 
animal; all of us, may survive throngh « variety of devious subterfuges 
and expedients, tho common mark of which is that they entail sub- 
servionce, Howover, sticcess in fullest measure is mustery over conde 
tions. “If organic evolution has any significance it ix the stary of how 
living material has, through the cooperative actions of its subdivided 
tunits, approached, if it has not yet attained, mastery. 

Tam fully nware of tho fuct that organic evolution does not of neces: 
sity proceed along w straight-line principle, that life has followed 
thousnd and one devious pathways and on occasion lias even ‘rotro- 
gressed; but the fact remains, nevertheless, that at each level on which 

= Man wands stone, 1840 
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there hus been « closer approach to mastery that appronch has been. 
accompanied hy a greater division of Iubor and n closer coordination. 
of the constituent units until in man, the master, they have, became 
wovon into an intricate pattern of cooperating parts. At the opposite 
extreme lies an ineffectual, single-celled droplet of living material 
exemplified by Amoeba, Organic evolution is thus history, ax much a 
part of our history as is the history of the written word, and as such, 
in fulfilling one of its functions, it points out the road we have trod. 
and lights the way: that lies ahead, 

Tm a zoologist, but, for x moment I should like to turn historian, 
that man who has been termed. hy Schlegel » prophet looking back- 
ward, nd as such a prophet refresh your memories by briefly tracing 
the-steps of this story as others have dono before me, 

Te can begin with Amoeba, « creiture which epitomizes individaal- 
iam, Not even in the commonly shared function, of reproduction is it 
dopendent upon another fot assistance. A thousnnd and one changes 
‘have been rung on this isolationist-individualist theme among its fellow 
protezoans, each change having brought survival but no shred of 





mastery, 

‘One of the early mutations leading out of the protezoan doldrums 
was that which resulted in causing proliferating cells to remain clis- 
tered together, and as such clusters to coopetate in the form of tubular 
units; « condition |exemplified in varying degrees by the Porifern and 
the Coclenterati. ‘The rewards were those that come from numbers 
und elementary. divisions of function, This gondition was followed 
by an innovation which resulted in dense, compact and solid’ masses 
‘of cells being uble to exist-as a single unit exemplified by our friends 
and tormentors, the flatworms. ‘This state of affairs was accompanied 
by greater diversification in the constituent units and preeminently 
by rectilinenr locomotion, 

‘The next steps—three of them—in this mutating. series were par- 
tivularly significant; the development of distance receptors, the device 
which produced esentinlly compound animals, and the accompanying 
delegation. of authority to subcenters which thua made possible the 
rapid and efficient control so characteristic of the metamerie groups, 

wisin is as far as life as gone in the way of physically cam 
pounding units, ‘The compounding has coutinyed but on the paycho- 
logical level, or social level if you wish. If we ure to consider 
psychological reactions us a specinlized manifestation of physiological 
‘states, the continued compounding which we term our social orguniga- 
tion is fully as much » physiological process as were the physicil 
unions just outlined and as such must be considered # direct. con- 
tinuation of this compounding tendency, » continuation madv pos- 
sible by the development of distance receptors, 
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In saying this, T am mindful of those who maintain that social 
organization is not comparable to corporate. organization, E am in- 
clined to think the difference is not so much matter of principle 
s of means, In the one case the constituent units have been held to- 
gether by bonds of physical contact, in the other they hnve been ns 
firmly held by: the influence of distauice receptors. Emerson? the 
ecologist, hug recently expressed the view that, “Regardless of how 
one interprets the unity of the more: complex human societies, the 
human family, and other family systems, are real cooperative, supra- 
organismio entities. * * * Society is merely a manifestation of 
fundamental life attributes which are shared with other biological 
systems (e, ., multicellular organisms) and the division between the 
social nnd the non-social is not sharp,” Jennings® goes further and 
Points out that there is much tobe said in favor of the conclusion 
thot “mankind is a single great organism temporarily divided into 
Pieces—the individuals.” Through this device the essential. henefits 
of physical union are retained and become enriched by the advantages 
to.be ‘derived from mobile units: The study of organio evolution is, 
indeod, from one standpoint. essentially. a study in populations, 
Much can be said in support of the conclusion emerging from such 
a study, that in its anima) phases at least unitary masses of proto- 
plasm, whother these units be cells or bodies, under similar conditions 
follow essentially similar principles of group organization, 

‘The social organization of the corporate population has, as you 
know, followed along two lines, the one illustrated by, certain inaeets, 
the other by man. Among insects the culmination is reached by the 
ants and the termites, those individually defenseless creatures and 
toothsome morsels for many a foe. which have through: cooperation 
lived from the Tropies to the borders of the Arctic. 

Our own social structure is an even more intricate and widespread 
culmination. of increasingly interdependent component units the 
progress of which has followed one unswerving path marked by the 
milestones of free cells, tissues, organs, organ systems, compound 
organisms, then families, tribes, kingdoms, empires, major alliances, 
and still it holds its course into the future. Faintly outlined as yet 
but apparently on our course lies some type of world union, This 
Jast. prophecy may be branded an ultrantopian fancy, but it must 
not be thought that the pyramiding of units I have just traced, 
whether in the field of physical sion or sociopolitical nssociations, 
came without « struggle, without false starts that. led up blind alleys 
or ended in stark failure. 


SA Reng Dore ab, ma Dieymbe 143, 
"Yours, Boe. 3 


B14 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1944 


‘For those who may be faint-hearted, the fact to be kept in mind is 
that with all the difficulties that beset the way, union was eventually 
‘accomplished, that with each union, with each sacrifice of self, with 
‘each restriction of liberty, there has been a stride toward greater mas- 
tery, toward a fuller, more abundant life for the whole. At one ex 
treme is individualism, represented by Amoeba, beholden by neither 
jot nor tittle to anyone, groveling withal in the slime and swept hither 
and yon by every whim of nature. At the other extreme are millions 
of interdopendent cells united in the form of men who, in turn, through 
their combined efforts have overcome the sufferings of famine, the 
scourge of pestilence, the barriers of distance, the mysteries of the air, 
yes, even the intricacies of creative synthesis. Optimism for the future 
ig well expressed in the words of the paleontologist, Lull, who writes, 
“The great heart of nature beats, its throbbing stimulates the pulse of 
life, and not until that heart is stilled forever will the rhythmic tide 
of progress cease to flow.” 

Among the social insects the price paid to the group for the benefits 
of cooperative action is that the individual be bern to n class and have 
stamped upon him unalterably the form of his station in life—worker, 
Soldier, king or queen—there to remain toiling dutifally without will 
or choice that the group may survive. ‘That is strait-jacketed, in- 
flexible efficiency, not inviting to those of us outside the pale of Nazi 
or Fascist rule. It has, moreover, fallen short of eontrol, probably 
because its morphological inflexibility is paralleled by inflexibility of 
‘nervous reaction, 

‘There is no gainsaying that one of the most patent of biological prin: 
ciples requires that when individual and: species conflict, it is the 
individual that must give way even to the extreme of life itself. For 
us the demands of society are indeed becoming more and more exact 
ing; we are individually being held to a closer and closer accounting. 
‘There is ever-increasing regimentation. But we of the vertebrate line 
‘are fortunate in that we belong to a type of social organization which 
permits its members the opportunity of realizing their responsibility 
to the group and of doing their duty voluntarily and without compul- 
sion, If we but will, therein lies our avenue of escape from the fate of 
an énforced regimentation analogous to that of the insects. 

‘The responsibility which reste upon us individually arises from the 
division of Iabor inherent in society. Each sequence in the evolution- 
ary progress of living material from microseopic unit to dominating 
mass involved more and more detailed division of Iabor and with each 
advance there came increasing responsibility. For instance, in an 
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portion of it can again take on the form and function of a sponge. 
Here, it matters littlo whether any one or « group of cells fail. At the 
opposite extreme in man, the loss of un islet of cells in the pancreas 
means death. Clearly specialization and responsibility go hand in 
hand. 

‘The inexorable demands of nature that each do his duty to his kind 
need not of necessity mean that before us lies a future in which we 
‘shall be slaves to the State, Nazi-fashion, A slave performs his duty 
without choice, has no voice in his fate. Before us lies the opportunity 
to both exercise our choice und discharge our duty. Tf, however, wa 
do not so choose, we shall have responsibility and no freedom, no 
chance to direct our fate. ‘There are-even now those among us who 
would impose the prototype of insect rigidity upon our form of social 
organization, Its most extreme exponents are the followers of Nazi 
philosophy. Rauschning" reports Hitler as declaring, “There will 
be s master class * * * slso.a new middle class * * * and 
the great mass of the eternally disfranchized. Beneath them still will 
be * * * the moder slaye:class. * * Universal education 
is the most corroding and disintegrating poison that liberalism has 
‘ver invented for its own destruction.” Carrel * has expressed some- 
what similar views, as for instance, * * * “The democratic prin- 
ciple has contributed to the collapse of civilization in opposing the 
development of an elite. * * * modern civilization is incapable 
of producing people endowed with imagination, intelligence and eour- 

* * * the equality of their (man's) rights is unequal.” 

‘Ttis true that there are biologienl differences among us which cause 
difficulties in a democratic state, but gene distribution is such that few 
are wholly of inferior quality and few, if any, of wholly superior stuff. 
‘The mechanism of transmission and interaction of genes further com- 
plicates the picture. And whois to differentiate what is good or how! 
‘As Jennings suggests, “One of the greatest difficulties in the way of 
effective human action lies in the Inck of ngreement 9 to the end to be 
‘attained, * * * perhaps the gredtest difficulty of all lies in the 
lack of agreement as to the individuals or groups that should benefit 
by the action to be taken.” 

‘The course upon which the physically undifferentiated and mobile 
fabrio of the vertebrate social organization is set dovs not of necessity 
demand # socivty strait-laced and closely regimented in which free- 
dom of action is surrendered, It does demand and will exact the 
surrender of nction for self alone, It does place upon us unalterably. 
responsibility to our fellow men. ‘The failure on the part of many of 
us, most of us I fear, to realize this fact has been an important source 
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of our present utirest, With w senso of allegiance to tho group in the 
spirit of that larger self-interest which realizes that the grentest good 
for the individual is: inextricably bound up with the good of the 
group; there need be no feur of enforced regimentation, Unlike the 
strait-jackoted insect civilization, such realization of individual re- 
sponsibility permits us freedom to pass from stratum to stratnin ne 
the cast of the genes muy decide, and leaves us the stimulus of in- 
dividual initiative. ‘The specializations of society. without w sens of 
responsibility lend to the limited privilege of un unbridled, cancerous 
growth; specialization with sense of the:common good leads 'to the 
harmony of a well-ordered body. 

‘As T come to’the end of my remarks let me mention once again 
iny thoughts at the close of the academic year, my interest in thé trees 
of fact und the woods of significance, T have, xs you see, directed 
Your attention to but few examples. First among them was the 
‘very soul of science, the sense of security which scientific facts gan: 
¥ey. Second was the influence of what may appear to be purely phys. 
ical principles upon the liberation of man from the bonds of religions 
ignorance; third, the significance of the fucts of evolution as # guide 
ing light upon our way and finally the significance of the individual's 
obligation to the group. T huve discussed then because with all the 
immediately practical applications of fact that ean be made, which 
fare trily many and important, such opplications alone are not suf: 
ficient; “The instructor in science hus tiot campletoly fulfilled his re- 
sponsibility to those who come to him for guidance unlews he has 
pointed out the wider significances, ‘Thess broader upplications 
which carry us into the realin of ideas are required to satisfy fully 
that-nge-long quest which Sir William Dampier has so richly clothed 
in these words: 








‘At first mot try with tage But Nature smilée—a Sphinx ttke 
harm ‘ntle— 
‘To fertilize the earth, ‘Watehtng thote tate das, 
Ty keep thelr flocks and Inds She waite itt patience tor u 
from btm. while 
And britig new young to birth. ‘Thiele plans Alasotve a 
‘Then to eupelclous kids they turn ‘Then come thove hombler mew of 
To sive trom fre oF Mood; eat 
‘Their smoking sacrifices bum With no completed ychemo, 
On altars red with blood. Content to way a indent par, 
test, observe, and drum 
Next bold phillowopber and sage ives 
A ettiod plan decree, ‘Till out of chaos cutie tn aight 
And prove, by thought or sacred Clear fragments of m Whale: 
‘bage Mini, Yearning Nature's ways 
‘What Nature oaght to be. aright, 
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BIOLOGY AND MEDICINE! 


‘By Ang Cuawrony Crranmace 
Professor of Biolopy: Tho Rice Institute 


My subject this afternoon is “Biology and Medicine,” but T think 
‘a more accurate wording would be “Medicine and Other Phases of 
Biology,” for to my mind medicine is a branch of biology. Webster's 
Dictionary defines medicine ag the seienice and art dealing with the 
Prevention, cure, or alleviation-of disease. Biology is thie science of 
life. Disease might well be defined ns fife out of balance, and 
strict senso a biological process. Whether it be an attack hy micro- 
organisms, or improper functioning of glands, or congenital mis- 
formation or maladjustment, or injury by poison or bullets, disease 
processes ate in the last analysis nothing more than cells, tissues, 
or organs that have suffered injury and so not only fail to perform 
their normal functions but in most eases interfere with the normal 
functions of other parts, more often’ than hot of the entire body. 

Of the two greit divisions of medicine dealing respectively with 
treatmont and with prevention, the former is much the older. Tt is 
far easier to observe the effects of treatment on a person suffering 
from a malady than it is to understand why someone else escaped 
it. Some knowledge of curative or alleviative medicine was possessed 
by our cave-dwelling ancestors; in fact, it is instinctive in many 
lower animals, Tt gradually grew up as a sort of folklore from « 
Slow process of trial and error, udded to the instinctive knowledge nc- 
quired from prehuman ancestors. 

‘With the growth of belief in the supernatural, by which man satis- 
fied his developing desire to explain things, medicine became largely 
theological. Priests and physicians were one, Thay conceived disease 
us the work of devils, gods, or spitits which had to be appeased by 
Suctifices, confused or circumvented by charms or incantations, evicted 
by emetics, cnthirtics, or bloodletting, or enticed to escape by means 
of holes in the skull, nasty medicine, or other devices. It is since the 
days of our Pilgrim Fathers that we have learned that it is mote effec- 
tive to control typhoid and cholera by boiling water than by boiling 
witches. 

Although belief in the instrumentality of demons and witches in 
chusing disense persisted for n long time, since Hippocrates more en- 
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Tightened individuals have recognized at Jeast same kinds of disease as 
seiptartay From that time to the present medicine has been 
primarily biological instead of theological or metaphysical. Some of 
the original ideas were, a8 would be expected, very far astray; for 
example, the theory that Hippocrates inaugurated and Galen ex- 
panded that proper proportions and relations of four humors of the 
body were responsible for health or disease, According to this theory 
people were sanguine, phlegmatic, choleric, or melancholic in tempera~ 
nient depending upon which of the four humors predominated. Erro- 
neous as it was, this theory was « long step forward in that it focused 
attention on natural instead of supernatural canses, and on earing for 
the patient instead of appeasing devils. 

Hippocrates was also an exponent of the great biological principle 
that nature is the greatest physician of all, Left alone, an organiem 
anttempts.to repair damages to its parts, to adjust itself to any unbal- 
fuxicd in structure or function that. has been entailed, and to fight off 
attacks by parasites. ‘The role of the physician is to aid the organism 
in these attempts, In many cases this involves nothing more thay 
augmentation or speeding up of natural biological processes that the 
organism itself would employ, such as stimulation of immunity, sup- 
Ply. of additional antibodies, provision of new tissue or fluid in the 
form of grafts or blood transfusions, supply of abundant vitamins, 
regulation of hormones, removal of unhealthy tissue, and protection 
against invasion by micro-organisms, In some cases it involves meth- 
ods which aro entirely foreign to the natural processes of the animal 
body, butt which nid and abet these procesees, sch ae the use of stim- 
Innts, anesthetics, specific drugs, X-rays, radium, or heat, 

‘The speeding up of natural processes of repair or adaptation is 
applied biology. It involves a thorough knowledge of the normal 
biology of the human body—its anatomy and all phases of its physi- 
ology. Strangely enough, even knowledge of the gross anatomy of 
the human body was extremely sketchy and mostly wrong up to the 
middle of the sixteenth century. 

Galen, of the second century A. D., was'the father of anatomy for 
years, but he was s very poor father and his offspring was a yery 
hodgepodge anntomy, arrived at from observations on the inner 
workings of monkeys, pigs, dogs, and cattle, For over thousand 
Years man was supposed to have a segmented breastbone like a 
monkey, a liver divided into ns many lobes ns pig's, a uterus with 
two horns like n dog's, a hipbone flared like that of in ox, and a heart 
with pores between the right and left ventricles, If in the meantimia 
any errors were discovered in Galen's descriptions the fault was al- 
‘ways thought to be either with the patient or with the later observer, 
‘When Vesalius, in the sixteenth century, showed that man’s hipbones 
certainly were not flared as Galen described them, it was thought 
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that they hud undergone w change in the intervening centuries due 
to the hubit of wearing tight trousers. 

‘Whe study of unatomy was retarded greatly by religious and civic 
taboos on dissection of human bodies, but Vesalius spirited skeletons 
from beneath gallows and was not above occasional clandestine disin- 
terments. He made important contributions to human anatomy, and. 
did much to start other physicians consulting nature insteud of Galen. 
‘Vesalius even reached the threshold of the discovery of the circulation 
of the blood, but this great milestone in the history of medicine was 
planted by Harvey in the seventeenth century, Probably no other 
single physiological discovery has had such profound consequences, 
‘What a superlative age that was, to produce a Hurvey, a Shakespeare, 
and Galileo 

In the eighteenth century advances were more rapid. It was in 
that century that another great Englishman, John Hunter, discovered 
that if arteries are tied off the blood will findand develop new chan- 
nels. Prior to that discovery aneuriams, which wore distressingly 
common, were treated, if at all, by amputation of limbs. John Hunter 
lao Iearned some of the tricks of grafting skin and bones. 

In the next century, the nineteenth, two other fundamental bio- 
logical principles—the cellular structure of bodies, and evolution— 
came to light, Both of these ideas contribute o much to our knowl- 
edge of the human body and how it works that « full evaluation of 
their significance in medicine would ba almost impossible. 

Even with all these sdvances in anatomy and physiology, nobody 
up to the middle of the seventeenth century had any good idea what 
disease was or whence it came. An important forward step was made 
‘in 1687 when two Ttalian scientists, Bonomo and Cestoni, showed that 
scabies was a disease caused by tiny mites burrowing and reproducing 
in the skin, and was spread by transmission of the mites. This was the 
first demonstration of a specific cause for a disease, and the first ex- 
planation of its spread, and was o clean break from the divine, 
humoral, or other ancient theories of the spontaneous origin of disense. 

A few pioneering minds, a century or two ahead of their times, 
propounded theories of contagion, and spread of disease by dessemina- 
tion of poisonous particles or gases, or even by invisible living organ- 
isms, but there was no experimental evidence, and these precocious 
ideas fell on barren ground. A true understanding of infectious dis- 
‘ease had to wait for the discovery of micro-organisms and some knowl- 
edge of their nature, 

Leeuwenhock, Dutch lens grinder of the seventeenth century, 
who invented compound microscope capablo of bringing bacteria, 
within the range of visibility, is sometimes called the father of bac- 
teriology, but I think he might more properly be called its midwife. 
He was one of the greatest explorers of ull time, Magellan and 
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‘Columbus are credited with discovering continents, but Leenwentioek 
opened the door to an entire new world. Wherever he looked—in 
soil, water, food, exoretions, or decaying materials—he discovered 
a host of micro-organisms that nobody had ever sean before or even 
suspected of existing, Moder explorers with electron microscopes 
are having « great time too, but their discoveries of molecules and 
‘viruses and of the minute anatomy of bacteria is hardly to. be cot 
pared with the new world that Leeuwenhoek found under Ais 
microscope. 

But I do not think that knowledge of the existence of insects makes 
an entomologist, or knowledge of tho existence of stars sn ustronomer, 
50 I hesitate to consider Leeuwenhoek the father of bacteriology. 
‘That honor, I think, should go to Pusteur who, within the lifetime 
of my patents, made bucteriology science, He did it by providing 
final proof thit germs, like ull other forms of life, require parents, 
and come only from pre-existing germs.. As long as it was thought 
that germs developed spontaneously from decomposing materials the 
bacteriologist was in ns hopeless # position scientifically asa mathe- 
matician would be if the sum of two and two varied with the weather, 

From the standpoint of the control und prevention of disease this 
‘was undoubtedly the most momentous discovery ever made by man, 
for it alone provided u solid foundation for practically all our public 
health work, On it rests all our theory and practice concerning 
contagion and infection, quarantine, storilizttion, antisepsis, aseptic 
surgery, purification of water, pasteurization of milk, and almost 
everything else on which modern practices of public health and hygiene 
are-based, Pastour is rightly revered for his great contribution in 
proving the germ theory of disease, but this would have been of little 
allie or significance without the final abolition of the idea of spon- 
taneous generation, which for « long time extended even to maggots 
and mice, 

Pasteur’s fundamental discovuries led almost at once to practical 
applications: Listerin London was quick to apply them to surgery, 
and by very generous application of carbolic acid to: himself, the pa- 
tient, the bedclothes, the air, und even the floor, be brought about 
very considerable reduction in the mortality from operations, which 
had previously been about 45 percent even in his export hands: 

During the eighteenth century Europe suffered from great apie 
demies of childbed fever—at one time it got so bad that in Lombardy 
it was said that for» year not one woman lived after bearing w dhilid, 

rrope’s lying-in hospitals for destitute mothers were humane in 
spirit only; in reality they were donth traps Oliver Wendell Holmes 
proclaimed childbirth fever an infectious disease, carried from patient 
to patient by physicians. and midwives. Many physicians were in- 
eensed nt the imputation that their hunds were not clean, und Holmes's 
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‘dens didn't make much headway, _ It was Semmelweis of Vienna who 
finally dealt the desth blow to childbed fever as an. epidemic occur 
rence, and proved that even an eminent gentleman's hands are not 
always clean, Itis within the memory of many in this audience that 
aseptic surgery finally supplanted Lister's heroic antiseptic measures, 
sind that surgeons began paying more attention to washing their hands 
before an operation than ufter it, 

Some 20 years after Pusteur's demonstrations of the germ cause of 
disease and the final putting to rest. of the theory of spontancous gen- 
oration, Robert Koch developed technical methods that made possible 
tho easy isolation and study of particular kinds of germs, and then 
discovery followed discovery with almost incredible tapidity. In the 
short space of 13 or 20 years the causes of the majority of infectious 
diseuses of man and animals were isolated and studied, ‘The elusive 
and rather mysterious agents of diseaso that we call viruses, however, 
had to wait much longer for biologists and chemists to pry into their 
private affairs, and it is only now that very much progress is being 
made, 


‘An infections disense is, however, an extremely complicated phe- 
nomenon, The interaction of » parusite and its host is not a static 
thing like the interaction of one chemical with another, espable of 
simple description, and following a woll-defined course, We may be 
too prone to think, because we know what organism causes a disease 
and something about its biology, that we understand the disease it 
causes, Nothing could bo farther from the truth, We are dealing 
swith the interaction of two organisms both of which are capable of 
an amazing degree of adaptation to changing conditions. Every 
change ot adaptation in one entails further adaptations in the other. 
A-disease may’ be compared with an organism—it i born, it.grows, it 
adapts itself to enviranment, and it finally dies, During its life it is 
influenced by a host of environmental factors which may profoundly 
alter its course. 

An infectious disease depends on the presence of a specific invading 
organisin, but this may be only one of the necessary requisites. In 
almost every epidemic the number of healthy eacriers—people who 
temporarily acquire -a colony of the germs but show no evidence of 
ddisease—far exceeds the number of eases. In an epidemic of cervbro- 
spinal meningitis healthy carriers of the organism that we say causes 
it may outnumber the clinical eases 20 to 1, In most epidemics of 
such diseases as diphtheria, whooping cough, dysentery, and even 
cholera, the atin is from 4 0¢ 10:to1. 

If disease devolops in only one-fifth to one-twentieth of the people 
reached by a particular pathogenic germ, it is evident thut there sre 
other factors playing very important roles in its production. Among: 
these are » proper balance of the glands of internal secretion, good 
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autrition, expecially with respect to vitamins, and the development 
of specific immunity or resistance, ‘There can bono doubt. that these 
‘same factors play a large part in determining the course and outcome 
of-n disese after it his gotten a start. A physician, then, if he is to 
make the most of his effort to help in suppressing disease, must be far 
more than a dispenser of medicine. He must, indeed, be familiar with 
more phases of biology than are most biologists. He must understand 
anatomy, histology, general physiology, endocrinology, embryology, 
psychology, nutrition, immunology, and even genetics in order to have 
8 proper understanding of his patient, and hie must be a bacteriologist 
or purasitologist to understand the capabilities and vulnerabilities of 
the invading organism, 

Some relations of heredity and genetics to diseaso have been known 
for a long time, but more progress hue been made in genetic control of 
disease in plants and even-in domestic animals than in man, Effects 
of genetic constitution of human beings on the course of disease and 
development of resistance are still very little understood, and still less 
is known about effects of genetic constitution of pathogenic organisms 
and means of altering it. Herein lies'an almost untouched field with 
vast possibilities for the future, 

Experimental breeding of mice has resulted in decreasing mortality 
from a particular disease from 82 to 24 pervent.in six generations, and 
to 8 percent over a period of years, In six generations of chickens 
mortality from fowl typhoid decreased from 8% to 10 percent, Recent 
studies indicate that alterations in genotic constitution comparable to 
‘tuutations: in insects and planté occur also in bacteria and eyen in 
vinises. Th « period of a few hours many kinds of bacterin and viruses 
miay reproduce in such numbers that if their rate of mutation is com- 
parable with that thought true for frnitilies, each gene the bacteria 
Possesses should mutate at least once. With even slightly favorable 
selection, replacement of the parent population by mutants is possible 
in short periods of time. 

Viruses have many characteristics of genes, differing principally in 
their ability to move from csll to cell. Tes ls eridace dials 
mutation of viruses is comparable with mutation of genes. The do- 
velopment of relatively nonpathogenic varieties of viruses or bucterin 
is the real basis for the production of effective vaccines against such 
diseaies as smallpox and yellow fever, and probably for the risa and 
fall of epidemics of cholera and diphtheria. Tt has recently been 
discovered that the virus of infantile paralysis genetically altered by 
‘mous adaptation, when mized with the parent virus, hus great power 
to protect monkeys from paralysis, What causes the protection is not 
yet known, but the result of this basic discovery may be very far 
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Concomitant with development of knowledge of eauses of infectious 
diseases, immunology was beginning to make its contributions to the 
cure and prevetition of disease. You are all familiar with Jenner's 
discovery in 1798 of the protective value of cowpox inoculation against 
smallpox. As the result of that there is probably no one in this audi- 
ence with a pockmarked face, whereas in Jenner's day certainly one in 
four of you would have been so marked if indeed you were alive at all. 
‘Jenner, however, had no notion of how his method worked; he merely 
observed that it did, and risked the ridicule of the medical world by 
saying so, and the life of his own son by testing it. 

‘Many decades later Pasteur, making the most of an accidental obsar- 
vation, laid » foundation for modern immunology by showing that 
agents of disease can be attenuated by various means to point where 
they areno longer eapable of producing serious disease, but still possess 
the power of stimulating immunity comparable with thut produced by 
recovery from a real nttack, Just as bacteriology opened the gates to 
knowledge of the causes and means of transmission of infectious dis- 
eases, so the birth of immunology opened tho way to knowledge of 
nature’s principal means of combatting them. 

‘The contributions of immunology to the cure and prevention ef dis- 
ease are so numerous that Tecan mention bute few, As aids in diagnosis 
‘Timay mention the tuberculin test for tuberculosis in eatéle and inun} 
the Shick test for susceptibility to diphtherin; the Dick test for sus- 
coptibility to searlet fever; the scratch test for allergies to pollens, 
fooils, or other substances: the agglutination tests for typhoid, dysen- 
tery, cholera, typhus, and many other diseases; the Wasserman, Kahn, 
und other tests for syphilis; the typing tests for the pneumococol of 
Jobar pneumonia; and many others that are Jess well known but no 
Jess usefal when needed, 

As thernpeutic aids I muy mention antitoxins for diphtheris, tetanus, 
searlot faver, and a number of other diseases, which have made deaths 
from some of these diseases under ordinary conditions nothing short 
of criminal negligence; the helpful injections of typed pneumococas 
serum in pneumonia; the use of immune or convalescent scrum in 
cerebrospinal meningitis, anthrax, measles, and most. reontly influ- 
‘nz; and the life-saving properties of antivenin for snake bites, 

As preventive aids I neod only call your attention to the wonderful 
records achieved by the use of vaccines against typhoid, paratyphoid, 
diphtheria, and mors recently yellow fever. This ones dreaded dis- 
ease is now looked upon by the Unite States Public Health Service 
ag of less consequence than the relatively mild and tolerated dengue 
fever, merely because our Government has n bank of a million protee- 
tive doses of vaccine which it ean release if ever case occurs within 
‘our borders. In recent years success has also been attained in prodie- 
tion of vaccines agninst typhus fever and spotted fover, the former of 
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which hus hitherto been the scourge of every great war. In the present 
war man-niade implements of destruction are more deadly than ever 
before, but there is no question but that this nddgi deadliness is more 
than compensated for by protection from diseases, which, up to the time 
‘of the Spanish-American wa \ye wrought more havoc than the 
enemy. Such diseases as typhoid, dysentery, typhus, tetanus, and yel- 
low fever have been shorn of their power by protective vaccinations, 

Closely related to the field of immunology is blood typing, which 
‘has placed blood transfusion on a safe and sound footing, and mads 
it as routine a procedure as anesthesia or surgical asepsis. In spite 
of the accomplishments in the field of immunology in recent years, I 
think we may confidently look forward to ever greater things in the 
years to come. Within the past 12 months success has been nttainod 
far the first time in the artificial production of antibodies in laboratory 
flasks. This may open the door to future developments which may 
surpass anything we have yet been able to hope for. 

T wish now to turn your attention to another field of biology that 
as contributed enormously to medicine—the science of endocrinology. 
No sorcerer or magician of old ever dreamed of accomplishing the 
miracles that can be performed today by the application of knowledge 
in this field. Osler, speaking of the effect of thyroid extracts on those 
horribly misshapen, doltish creatures known as cretins, says, “Not the 
magic wand of Prospero or the brave kiss of the daughter of Hip- 
Poorites ever effected such a change us that which we are now enabled 
to make in these unfortunate victims, doomed heretofore to live in 
helpless imbecility—an unmistakable affiction to their parents and 
their relatives.” 

‘The seierice of endocrinology was born of primitive beliefs in organ 
magic. When our remote ancestors began to indulge in the art of 
thinking und had reached the stage at which they could wenve together 
number of scattered observations and come out with a general idea, 
it was a natural deduction that the kind of food you ate was a big 
factor in determining what sort of person you were. ‘Tigers were 
thought to be fierce because they ate raw meat; it wus overlooked 
that n tiger fed on lettuce and carrots would undoubtedly be fieroer 
still, and that a meat ester had to be fierce to get his meat whereas 4 
‘vegetarian could afford to be timid and fleetfooted. Such thoughts, 
traveling along a single track, eventually reached the conclusion 
that courage could be acyitired from eating the hearty of 
tnimals or men, intelligence from eating brains, and so on, The 
peychologies! effects undonbtedly provided ample circumstutitial evi= 
dence for the truth of the assumpti 

Modern endocrinology begun in 1889 when a famous French sefen: 
tist, Brown-Sequard, claimed remarkable rejuvenuting effects in him- 
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self from injection of gland extracts, His results, too, were prob- 
ably. psychological, but his prestige was such thst his claims started 
a development in medicine that lias had more profound significance 
thn any since Pasteur’s discoveries of the bacterial origin of disease, 

‘Ths human body is a highly automatic, self-regulating mechanism, 
Noture’s primitive means of regulation of the body of an organism is 
by chemical substances secreted by its tissues. Superimposed on this, 
later in evolution, is an involuntary nervous system, useful in making: 
rapid and temporary adjustments that become necessary for. « body 
with ever-increasing activities and mote and more complicated rela~ 
tions to its environment. Still Jater in evolution Nature added « 
voluntary nervous system but very wisely refrained from giving it 
control over the internal regulation of the body. As Dr. Cannon 
remiarlcs, we should be greatly bothered if in nddition to attending 
to the business of other people we had to attend to ourewn. ‘The 
internal affairs of the body are too important to be subject to a well- 
meaning but neglectful and incompetent intelligence, which. would 
tg likely: as not be concerning itself with the flight of a golf ball when 
it ought to be attending to the rato of the heart beat. 

‘The chemical method is still the fundamental means of regulation of 
the body. Chemicals produced by tissues, which we call hormones, con- 
trol such functions as growth, development, metabolism, and reproduc 
tion, and adapt the body gradually to climatic fluctuations, variations 
in nctivity, nutritional changes, pregnancy, lactation, etc, The human 
body is one of the-most thoroughly integrated and. communistic or- 
gunizations imaginable, every part sharing, according to need, with 
every other part, and each part inilnencing every other part. It isa 
prevalent view today that every tissue and organ in the body produces 
hormones ar hiormonelike substances that help in the integration of the 
entire organism. Ax bodies became more complex during the course 
of evolution, however, and the regulation more difficult, number 
of speclal glands for production of particularly potent hormones were 
developed. ‘These are what constitute the endocrine system. Somo-of 
the glands are completely separate organs having no other functions, 
such as the thyroid, pituitary, and adrenals. Others have developed ax 
specinl tissues in nlroudy existing organs, as in the pancrens, liver, 
und sex glands, 

‘The potency of these glands is almost incredible, They very largely 
determine whut we are and how wo behave. ‘They dominate our physi- 
cal stature, our mental development, our emotional status, our twpro- 
uotive uctivity, the rate at which we live, and our ability to mule 
tise of our food. ‘They are the architects of aur bodies and the mould- 
ere of our charucter. A puppy deprived of its anterior pituitary gland 
may be converted from nn aggressive, pugnécious creature to a whimp- 
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ering coward, and may be returned to its former state by pituitary 
injections. Injections of prolactin into rats with no trace of maternal 
{nstinots will fll them so full of mother-love that they will even mother 
baby squabs instead of eating them. One is led to interesting specula- 
tion as to whethor injections of prolactin might not be a good alterna- 
tive to execution for despotic dictators. 

‘The hormones produced by the endocrine glands, some stimulating, 
‘ind some inhibitory, not only affect the body as a whole in many 
complex ways, but they interact with each other in such nn intricate 
maniner that we are still very far from ideal utilization of them, and 
‘we may look forward to a great extension in tho future. Yet even 
now, only 60 years from the birth of the science, the use of hormones 
‘has revolutionized a large part of medical practice and has given new 
insight into many physiological processes, such ns metabolic rnte, 
sugar metabolism, blood pressure, menstrual disorders, psychotic mal- 
adjustments, adiposity, sexual aberrations, and reproductive dificulties. 

Now let ns turn to another contribution of biology to medicine— 
knowledge of nutrition. For lack of time I will pass briefly over 
many interesting discoveries connected with metabolism of proteins, 
fats and sugars, utilization of minerals, etc., though in passing T 
must pause long enough to mention a relatively new tool in physiologi- 
cal reseurch—the use of ions tagged by means of atoms of unnsual 
‘weight or made radioactive in eyelotrons. By this means it has been 
found that molecules in the body, even those supposed to be relatively 
stable in bones, teeth, or fat, are foruver being shifted about and re- 
placed by new ones, ‘The body is even less stable than it was thought 
tobe, 


Tho most significant discoveries in nutrition, ranking close to the 
discovery of hormones in their importance to human welfare, were 
those of the vitamins, Since the days of leopard-skin dinner jackets. 
and struggles with cave bears instead of dictators, man's ways of 
Jif have undergone many changes and s0 have his foods. With the 
development of agriculture and civilization his food became Jess varied 
and more highly manipulated. He began ta live more extensively 
on grain, to stare food for periods of famine, and to cook it. Later 
he began throwing away the vitamin-bearing parts of his cereals, 
doveloped & taste for refined sugar, protected himself from sunlight, 
and often lived for months without fresh fruits or vegetables: Beri. 
beri, scurvy, rickets, pellagra, and night blindness attacked whole 
populations, 

EBxorpt for the cure of scurvy by eating lemon juice or henilock 
Teaves some 200 years ago, nothing definite was known about these 
nutritional-deficiency diseases until Eijlonann began experimenting 
with diseased fowls in Java 45 years ngo, Gradually during the last 
80 years « whole alphabet of vitamins has been discovered, but it is 
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‘only within the last deoade that they have been obtained in chemically 
pure form, and synthesized. Few poople even today realize the im- 
portance of this, Although this country is probably the best fed in 
tho world, I do not believe it is an exaggeration to say that 50 and pos- 
sibly 75 porcent of the American peoplo do not have optimum amounts 
of all the vitamins they should have. ‘They do not have scurvy or 
beriberi or rickets, but they have a host of minor illnesses or troubles 
that they neod not have, Some British authorities have gone eo far 
as to say that 99 percent of so-called common illnesses are directly or 
indirectly due to vitamin deficiencies. Allowing 100 percent expansion 
for enthisiasm, the figue is still impressive, 

‘The common offects of vitamin deficiencies are such things as night 
blindness, susceptibility. to colds, unhoulthy teeth, poor appetite, 
gloominess, nervousness, and a tendency to fly into tantrums. An 
abundance of vitamins leads not only to n state of superhealth in people 
who have always considered themselves reasonably healthy, but it is of 
grent help in recovery from acute or chronic diseases, repair of wounds, 
und resistance to infection. Even yet, many medical men tend to look 
upon synthetic vitamins as medicine rather than supplementary food, 
but gradually this is changing, und it is encouraging to see more and 
more foods fortified by added synthetic vitamins. Because of this 
and the more even di ion of vitamin-bearing foods Ly rationing, 
tho general level of nutrition in England, in spite of soveral years of 
war, is better than it has ever been before. It is becoming more snd 
more so in this country too, 

‘The definition of medicine includes the prevention of disease as 
well as its cure and alleviation. Some attempts at: preventive medi- 
cino were made when disease was supposed to.be caused by demons, 
for it was a natural inference that if the demons could be ejected they 
might also be prevented from entering. With the development of 
tho humoral theories, proventive medicine was almost completely 
forgotten, since no one had aven guessed as to how the humors could 
be kept in order before they got out of balance, Prevention of dis 
tase is a phase of ecology, and involves knowledge of normal bodies 
and their relation to their environment, including climate, atmosphere, 
and geological formations, as well na relations to such fellow creatures 
‘ns rats, mosquitoes, lice, hookworms, amocbac, and bacteria, to say 
nothing of viruses, 

At is only. in very recent times that anything whatever has been 
known about this phase of medicine. Only in a few instances have 
the processes of trial and error that led to! curative and alleviative 
procedures led to practices that prevent disease. One of the first 
great. triumphs in curative medicine was the discovery, in 1640, of 
the value of extracts of cinehona bark as 4 cure for malaria, but it was 
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not until the end of the nineteenth century that a basil for the pre- 
vention of malaria was discovered, 

A few pructices of primitive people suggest. attempts, probably 
unwitting, to prevent disease, In India, for instance, I found 
primitive tribe, the Santals, who never drink water directly from # 
stream or pond, but from a little hole in the sand a foot or so away, 
thus practicing eand filtration, one of the prime tools af modern san- 
itary engineering. ‘The unfitness of natural water for drinking was 
recognized long ago. Cyras of Persia curried boiled water for his 
‘troops 2,600 years ago. ‘The low repute of water ns a beverage even 
in the unenlightened middle ages is evidenced by a thirteenth-century 
writer who, describing the extreme poverty of Franciscan monks who 
settled in London in 1224, exclaimed, #T have seen the brothers drink 
ale so-sour that some would have preferred to drink water” ‘The 
head-hunting; carrion-eating Nagas of the Assam hills drink only: 
rice beer, carrying starters with them when they go on trips. 

Preventive medicine as practiced at present: has three principal legs 
to test on: (1) the tipkeep of natural resistance by general hygienic 
measures, including a proper hormone balance and optimum nutritiots 
(2) the artificial stimulation of specific immunity or resistances and 
(3) protection agninst access of disease germs vin water, food, air, 
‘or insect transmission, 

‘The general principles involved in the first of these have been known 
for w long time, but the details have only recently been filled in: by 
the discoveries with respect to hormones, minerals, and vitamins that 
I have already mentioned. I have alrendy called your attention to 
the fact that in an epidemic only a small percentage of thi individuals 
that are actually exposed devalop a disease. ‘The determining factors 
are the dosage of gorms that gain access to in individual, and the 
natural resistance he has, ‘The higher the natural resistance, the 
greater the dosage he can withstand, 

The second log on which preventive medicine reste, artificial stimu 
Intion of immunity, T have already discussed. On it we depend very 
Jnrgely for our protection agninst smallpox, diphtheria, tetants, rubies, 
yellow fever, spotted fever, typhoid fever, und many other diseases, 

‘The third Jeg on which preventive medicine rests— protection 
against dissemination of germs—I have so far said little about, but 
here enormous strides have been made within a short space of time. 

‘Famous in sanitary history is the case of the Broad Street punip in 
Lonilon in 1894, nround which centered an explosive outbreak of 
cholera, After everything from the cherwical nature of the soil-to 
‘dust bins in cellars had been investigated, the relationship. between 
drinking wator from the well and attacks of cholera became clear, 
‘Nature had provided « grim lesson out of which grew modern sani 
tary engineering. In the intervening 90 years modern water purifi- 
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ction and sanitary sewage disposal ‘have developed: Whereas in 
1900 the American death rate from typhoid was'86 per 100,000, today 
it is nbout 1 per 100,000, and in 1942 more than half of our large sities 
had not a single typhoid death. 

‘Milk and food sanitation are even more recent developments, Even 
25 years ago a child-ran the risk of nequiring disease every time he 
drank a glass of mille; today the greater part of the milk supply in 
almost every city is pasteurized, and many cities can boast of having 
no raw milk. 

Just 50 years ago two American workers, Smith and Kilbourne, 
faid the foundation stone for medica} entomology when they-demon- 
strated the transmission of  disease—Texas fever of eattle—by means 
of a tick, Five years after that the mosquito transmission of malaria 
‘wns proved and then, at the turn of the century, came the brilliant work 
ofan Ameriean Army commission in Havana, proving the transmission 
of yellow fever by mosquitoes, 

Today medical entomology plays « large part in our lives, By eon- 
trol of inscets, ticks, or mites we are able to control, in some cuses 
almost to exterminate, many important diseases, including some of 
tho most important, I need only mention the prevention of malaria, 
yellow fever, and dengue by mosquito control, of epidemic typhus and 
relapsing fever by delousing methods, of plague and endemic typhus 
by control of rats und fleus, and of dysentery by ly eradication, 

Already we have become so accustomed to the benefits from all 
these protective deviees that we take them for granted. Orly when 
circumstances interfere with their practice, as is often the case in wary 
do we realize how much we depend on them. Tt was dysentery, not 
the ‘Turks, that defeated the British at Gallipoli; and it wos dyauntery 
and malaria, not the Jups, that defeated our own troops at Bataan, 

As ive go on into the future, preventive medicine will play a larger 
und larger part in our lives: Instead of being » secondary and rola- 
tively unimportant part in the curriculum of our medical schools; 1 
predict thet we shall have many schools devoted primarily if not 
exolusively to this fast-growing branch of modical science, which is 
still so young that it is seldom allowed to stand on its own feet. The 
subjects taught will be very largely biological ones, mich as medical 
entomology, helininthology, protozoology, bacteriology, immunology, 
the newly developed field of aerobiology, and methods of sterilization 
and disinfection which are also a branch of biology, since they deal 
with the destruction of life. 

In nddition to the categories uf discoveries in biology that I have 
nlteady mentioned, there are other Belds of biological research which 
ure making valuable contributions to both preventive and therapeutic 
medicine, Ihave tite only to mention in passing » few of the 
discoveries made in the year 1942, 








330 «ANNUAL HEPORT SMITHSONIAN INSTITUTION, 1044 


During the past year great advances have been made in the Jong- 
neglected field of xerobiology, dealing with the distribution of pollens, 
fungus spores, micro-organisms, ete., through the air; new knowledge 
cof the spread of contagion through the sir has been obtained, and 
new methods of control worked out, using vapors and ultraviolet rays. 
Also within the year there have been a number ak Det eee 
methods of controlling pathogenic orgunisns, including discovery 
of an enzyme-like substance in young rats, by which tuberculosis ba- 
cilli may bo shorn of the waxy coats that protect them from drugs 
and phagocytes, and discovery of germ-killing substances extracted 
from molds and from various types of soil bacteria. In the field of 
nutrition, evidence for the need of particular amino acids for special 
functions in the body have been demonstrated, and may pave the 
way for botter control of these functions in the future, New methods 
have been developed for tho study of the ultimate connections be- 
‘tween nerves and muscles, which may lead to better control of paralysis 
‘ond muscular diseases. Announcement has also been made of the dv- 
velopment of germ syrups, at negligible cost, which change the bac 
terial life of the human intestine so that, like dear and cattle, we can 
not only digest the cellulose of gruss, leaves, and wood, but ean also 
synthesize our own supply of B vitamins within our awn. bodies. In 
research on cancer, which is one biological problem that is still un- 
volved, a number of significant advances, haye becn mado, A few 
tory pieces have been fitted into tho mosaic, bringing the final pie- 
ture. little nenrer to completion, In this field ax in that of allergies, 
there is still much to be done, but there is avery reason to believe that 
ityoill be done before very long. 

Man's ingenuity has freed him from many phases of the struggle 
for existence to which other croutures are subject. He haa gained 
‘An insuperable advantage over the wild beasts, and his inventive genius 
defies the attacks of climate and the elements. Iy his struggle agninet 

ith 





disease he has, as we have seen, mado wonderful progress, although 
he still has far to go. ‘There is some reason to hope that after the 
present global war has burned itself out we niay bo wble to free our 
selves from the one phase of the struggle for existence thut man's 
ingenuity has steadily nade more terrible, the struggle of man against 
man, With all the phases of the struggle for existence well in hand 
we may then turn to « struggle for improvement of our kind by the 
application of two other branches of biological scionee, genetics and 
eugenics. Within our own gencration preventive medicine has 
grown out of therapeutic medicine; perhaps our children may live 
to seo a still newer branch of “improvement medicine,” in which en- 
docrinology, nutritional studies, problems of aging and rejuvenescence, 
and eugenics will lead to grester health, more happiness, longor life, 
‘und better evolutionary prospects than have hitherto been our lot, 








THE LOCUST PLAGUE* 


By B. P, Uvaior, D, Se. 
Bxtomolngiat, AnthLooust Rescarch Contre, British Museum (Notwral History) 


THE OLDEST ENTOMOLOGICAL PROBLEM 


‘The locust problem has confronted mun since the earliest beginnings 
of agriculture, Biblical references to locust plagues are well known, 
and Joel's deseription of n locust invasion has never been surpassed for 
its dramatic picturesquencss combined with amazing necuracy of datuil. 
‘The earliest known record of locusts is a picture of « locust 6n the wall 
of an Egyptian tomb of the Twelfth Dynasty, about 2400 B.C, Ref. 
erences to locusts abound in ancient Egyptian, Hebrew, Greek, and 
Chinese texts, and Roman writers such as Titus, Livy, and Pliny have 
loft us many data, some fantastic, but some of definite value, A eriti- 
cal examination of this information is still awaited, and it may shed 
new light on certain sides of the problem. 

‘The morw recent literature on the locust problem is enormous, and 
the number of books and papers on the subject was estimated 15 years 
go at about 2,000; since then this figure has been almost doubled, 
owing to intensive new research. ‘The more important contributions 
ate published in about a dozen languages, und the task of coping with 
thia flood is not nn ensy one. 


WORLDWIDE PROBLEM 


It is often thought that locust plagues are restricted to n few coun- 
tries and that the world at large need not be concerned about them, 
‘This view is largely due to tho fact that contral and northwestern 
‘Europe is now practically safe from locusts, though its southern coun- 
tries, ©. g., Portugal, Spain, Italy, the Balkan Peninsula, the Ukraine 
‘and the Caucasus, know their depredations only too well, 

‘The zone where agriculture has to reckon with locusts and their 
lesser relatives, grasshoppers, becomes even wider in temperate Asia, 
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where « broad belt of the fertile Siberian lands produces not only 
grain in abundance, but also grasshoppers which take their toll of 
the harvest, South of that belt, Soviet Middle Asia, producing cotton, 
fruit, etc., is subject to ravages of the Asiatic migratory (Loewsta 
migratoria migratoria) und the Morocean (Dociottaurus maroccanta) 
locusts, Farther east, in China, the Oriental migratory locust (Locusta 
migretoria manilensis) has repeatedly caused wholesale famines, and 
is netually causing untold miseries at present. ‘The range of this 
Jooust extends to the Philippine Islands, where records of its ravages 
are found in the earliest Spanish chronicles, and to Borneo, Celebes, 
Indo-China and the Malayan penii 

Returning westward again, we meet the vast zone where the désert 
locust (Schistocerca gregaria) holds its sway over agriculture, which 
is hero carried out always under precarious conditions, making its 
products particularly precious to the population, so that a loss of 
harvest amounts to « major catastrophe. It is this desert locust that 
has been known to man since Biblical times, and which is atill me 
nective as it was thousands of years ago. The area of its depredations 
is enormous, stretching from India in the east to the Atlantic cout 
of Africa in the west, and from Russisn Middle Asia in the north to 
bolow the Equator in eastern Africa, ‘The tropical parts of Africa aleo 
have to cope with two other kinds of locust, the African migratory 
(Locusta migratoria migratorioides) and tho red (Nomadacris wep 
femfasciata) locust. The latter extends its ravages to South Africa, 
which, in addition, has a very serious problem in the endemio brown 
locust (Locustana pardatina), 

Australia, the continent where agricultural development started rela- 
tively recently, but where it has made great strides, is already paying 
whoavy tax to locusts and 

Turning to the Western Hemisphere, both the United States and 
Canuda have to wage an almost incessant war against grasshoppers, 
‘while wide regions in Central and South America are periodically dev- 

)s 
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£800,000 people died in the year 125 B.C. after a locust invasion, Great 
famines have been caused by locusta in India, China, and other coun- 
triea, As recently as 1930, losses of crops estimated at nearly 1,000,000 
pounds were caused by locusts in Morocco. In Nigeria, in the same 
‘Year, 1,000 tons of grain had to be imported to prevent famine; in 
‘Tanganyika Territory 75 to 100 percent of native crops were destroyed 
in 1929, and in Kenya in the same year £200,000 had to be spent on 
relief from the famine caused by locusts and drought. 

‘These are impressive Sigures, but it may be argued that locust inva- 
sions occur only periodically, and that a distorted picture of their eo- 
nomic importance is obtained by considering exceptional cases, 

‘To assess the cost of locusts and grasshoppers to the world, the Anti- 
Locust Research Centre attempted to collect statistical data for « 
10-yenr period, 1925-34, which covered both bad locust years and those 
freo of them. Statistics of this kind were not easy to obtain, and only 
49 countries (out of 77 suffering from locusts) submitted them. Never- 
theless, the total was staggering, showing that crops to the value of 
£83,120,800 went to feed the locusts in 10 years. ‘The loases would cer- 
tainly have been greater if no defensive measures had been taken, but 
tthe latter cost nnother 13 million pounds, On the basis of these figures, 
it was not an exaggeration to estimate the average cost of locusts and 
grasshoppers to the world at 15 million pounds per annum, To this 
must be added the enormous figure of unpaid labor which is used almost 
everywhere for large-scale defensive measures, ‘The data on this point 
aro very incomplete, but the number of man-days often runs into 
inillions in one year and in ene country. 


AGRICULTURAL PROGRESS AND LOCUSTS 


Te has been argued that locusts and grasshoppers represent, a dangor 
only in backward countries, and that the advance of agriculture should 
inovitably lead to their disappearance as pests. A long interval during 
which the United States of America were almost freo from grass 
hoppers led some of the most eminent American entomologists to 
believe that agricultural progress had made a repetition of the grast- 
hopper plagues impossible. ‘These hopes were rudely shuttered in ro- 
cent years, when grashopper outbreaks recomenced ona truly Amer. 
ean 
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1. In-northern Borneo, focusts can breed only in areas where 
tho junglo has been cleared for cultivation and abandoned after « few 
seasons; such shifting cultivation there, and probably in other similar 
areas, is a direct cause of locust outbreaks In western Australia, 
the clouring of dry forests in the interests of sheep breeding has created 
a type of grassland admirably suited for locusts. Overgrazing of 
natural pastures is largely the cause af the great, and growing, grist 
hoppér menace in Argentina, some parts of the United States, Canada, 
and parts of Russia; Such facts led the Fourth International Locust 
Conference, held in 1936 at Cairo, to pass a resolution pointing out that 
the mass development of locusts and grasshoppers is furthered rather 
than hindered by man’s netivities, and hat no hopes can be entertained 
of the problem's becoming loss acute merely ss x result of the general 
development of m country, 

‘To this must be added the consideration that the agricultural ide 
velopment of now areas, €. g., in Africa, central Asia, etc,, tends to 
increase the danger from Locusts in direct proportion to the incrense 
in the value of crops exposed to their ravages, 


(Tit USRS OF LOCUSTS 


Teimay well be asked whether it might not be possible to find some tse 
for the mass of organic mutter represented in locust swarms, some of 
which have been estimated to amount to hundreds of tons, Chemical 
analyses show that locusts contain protein, fats, and mineral salts, 
which would be of value in the preparation of fertilizers and of food 
for cattle and poultry. From the technical point of view the idea is 
sound, but no industry can be based on a raw material which may be 
overabundant one year and nonexistent the next, 

‘The use of locusts for food is well known, since John the Baptist 
lived on them, as Bedowins in Arabia still continue to do when other 
food is scarce. The Assyrians apparently considered locusts ns food fit 
for kings, since a bas relief of the seventh century B. C. shows locusts 
being brought up to the table of Asshurbanipal, Locusts arg still 
eaten in many countries, and the Philippine Department of Agricul- 
ture has recently published @ pamphlet deseribing 38 different ways 
of cooking them, Some of the recipes sound rather attractive in war- 
time, perhaps, because they include such ingredients as egurs, bananas, 
Jomons, and pineapples. More plainly cooked locusts were recently 
described by an entomologist as “noither repulsive nor producing any 
pleasant sensation,” 


LOCUSTS AND THEIR HABITS 


‘We have been speaking of locusts ag » plague of agriculture, but in 
onder to understand the problem, it is necessary to have a clear idea 
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of what locusts are and how they live. A locust is nothing but a spe- 
cies of grasshopper, but usually larger in size and characterized mainly 
by gregarious habita, 

Tho life cycle of locusts and grasshoppers is fairly simple. ‘The 
eggs are deposited by the female in the soil, in packets, or-“egg-pods," 
each containing 30 to 100 eggs. Tn countries with a cold winter, eggs 
Jie dormant throughout this season, and in spring the young locusts, 
or “hoppers,” emerge from them onto the surface of the soil, In the 
‘Tropies, the eggs may hatch in 2 to 8 weeks, if there is rain or moisture 
in the soil. ‘The difference between. grasshoppers and: locusts becomes 
apparent in the hopper stago; the former may be numerous, but each 
ona fives independently of the othors, whereas the Inter congregate 
in denso groups, or bands. Furthor development consists. in rapid 
growth, stimulated by voracious feeding on green vegetation, and in 
the periodic moulting which oocurs 4 to 6 times before the adult insect 
Appears; these differ from tho hoppers only in size and the presence 
of two pairs of wings, The wholo oyole occupies n year in temperate 
climates, but in the Tropics there may be several genorations within 





year. 

‘The most striking feature in the behavior of locust hoppers in their 
mass movement in bands, which may cover several nquate miles, The 
relentless march of hopper bands which are not stopped by obstacles, 
even by water, creates an impression. of a dark purpose, of a movement 
toward an objective, and many more or less, fantastic explanations 
have bean offered to account for it, Recent investigations have, how- 
aver, definitely. proved that the movement of hoppers depends very 
largely on temperature and occurs only on suiliciently hot days, while 
excessive hent again causes it to stop. ‘The hopper moyenents are not 
caused by hunger and do not aim at finding food, since hoppers, driven 
by heat, often loave n fertil ind march into open desert, 

‘When hoppers become adi they soon begin to 
fly nbout in swarms, Again, t leave an aren because 
of Inok of food, and it does not, necessarily fly toward more fertile 
lands, but its Might is initiated, directed, and interrupted by yarions 
weather factors. Swarms may reach great size and contain fantastic 
numbers of individuals, Thus, « swarm in Enst Africa i 
3 by 60 miles was estimated to consist of a million million locusts; and 
‘oven larger swarms are on record, 

‘Tho distances covered by swarm flights may be enormous. Tn 1609, 
Swarms of the migratory locust from the Danube delta reifshodl Wales, 
ut a distance of about 1,600 miles in a straight line, tlough probably 
not in a single flight, A. swarm nf the desert locust was encountered 
in tho Atlantic midway hetween South America and Africa, about 
1,500 miles from the latter, whetice it certainly cams. This must have 
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boon a single sustained flight. As will be seen later, the extent) of 
migrations becomes evan greater when the swarms of several stieces: 
sive generations are considered. 


MORTHODS OF LOCUST CONTROL 


Tt would be impossible even to enumerate here thie many methods 
used, or recommended, for locust destruction, It is of interest, how- 
‘bver, to point out thit some of them are centuries old and are still 
in use, ‘The destruction of eggs by digging was practiced in wncient 
China und is stil!’ widely recommended, though it is effective only in 
some special cases. Beating of hoppers by branches and driving 
them into trenches were the methods enforced by the Romans In 
North Africa, according to Pliny, and are stil) practiced in spite of 
beitig of little value and involving the use of foreed Inbor if astro- 
notnical quantities, 

In more recent times, endless new methods have been proposed ‘and 
tried agninst locusts, such as the use of flame throwers, poison guses, 
bacterial diseases, steam rollers, balloon barrages, smoke sereens, and. 
even artillery, Lately, the method of poison baits has come into 
almost universal nv. Brin, moistened with sodium arsenite solution, 
ig seattered thinly on the ground and proves to be more attractive to 
locusts than green food. When the low dosage of poison, sufficient to 
Kill locusts but not grazing animals, ig strictly adhered to, there is 
no danger from baits, but it would obviously be an advantage to 
eliminate ull risks. may oventually be achioved by investiga- 
tions, now in progress, with dusty which would kill lociste by contact 
and which could be sprayed from aircraft. 

However, even some of the relatively primitive methods may be 
Of use for destraying locusts, Indeed, it is definitely not the lack of 
the proper technique which hampers the solution of the problem. 











ANTILOOUST POLICY OF TAH PAST 


‘The main stumbling block in the way of a solution of the locust 
problem is the fact that locust depredations do not recur annually 
but in cycles of several years, separated by clear intervals. Wien « 
country ix invaded, no effort is spared to organize defense, which is 
rarely effective, since the organization usually lags behind the inva- 
siou. As 5000 ns the immediate danger is over, the anxiety gives 
way to wholly unjustified hopes that perhaps the invasion will not 
recur, or at least not in our time, and nothing is done until the next 
catastrophe, which again occurs unexpectedly, It is this unfounded 
optimism that should be considered us the first cause of the continial 
recurrence of locust plagues over the centuries. 
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‘The second reason for the failure to control locusts is the isolation- 
ist policy of practically every country subject to their depredations, 
History provides examples of great efforts to control locusts in 
Algeria, South Africa, Argentina, ete., but the results were always 
temporary and never led to a radical solution of the locust problem, 
simply because it is insoluble within « single country, Wo have seen 
that swarms in their flights muy, and do, cover great distances, and 
that they completely Inck respect for any man-made boundaries, 
‘Swarms of the desert locusts, bred in India, usually migrate to Per- 
sin and Arabia, and their progeny proceed to Ezypt, Palestine, and to 
East Africa, It is clear that control measures in any one of these 
countries, howover effective, may only protect the standing crops of 
the particular season, but will have no effect on the general situation, 

Sporadic attempts to approach some measure of international 
cooperation have not been lacking, Conventions pledging each coun- 
try to control locusts within its own confines have been concluded 
between groups of adjoining countries (c. g., South American Repub- 
lies; Iraq, Syria, and Turkey; Persia and the Soviet Union, etc.) 
but most of them remained paper agreements only and had no pruc- 
tical effect, because they all aimed at defense only, and no attempt 
Was ever made to take concerted measures toward & Jnsting solution 
of the problem, 

‘The most spectacular failure of such attempts to solve the locust 
Problem by resolutions was the Rome International Conference of 
1920, A convention pledging their countries to take all the necessary 
measures agninst locusts was signed by delegates of 18 countries, 
Widely seattered over the globe, It appearod incomprehensible why 
Madagascar should join forces with Mexico, or Bulgarin with Uru- 
guay, since they are threatened by entirely different species of locusts, 
and the course of events in one of then could not possibly have any 
effect on the other; and the solution of the locust problem remained 
unattainable as long ns it was approached without sufficient scientific 
basis, though it was certainly right to regard the problem as an inter- 
national one. 





SCIENTIFIC BASIS OF A NEW POLICY 


‘Tho irregular periodicity of locust invasions hampered scientific 
Fesvarch on the problem, just ns it did the organization of locust con 
trol. It was naturally difficult to persunde governments to spend 
money on locust research in the periods when swarms were absent, 
and little could be nccomplished during the locust years, when all 
efforts were concentrated on defense. As a result, there was no answer 
to the question : “What happens to locusts when there are no swarms!” 
‘Since locusts matter only when they are in swarms, it appeared idle 
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curiosity to ust the question, but, fortunately, scientists are often at- 
tracted by “useless” problems, In this ¢ase, entomologists in Russia 
and in South Africa undertook investigations, and almost simultane- 
ously, and quite independently, arrived at wholly unexpected, but 
closely similar conclusions. It was found that locusts in the yoars 
when they are not numerous differ from the swarm locasts in appear- 
tance and in hubite ‘The oxternal differences between the swarining 
‘and tho solitary phases of locusts, ns they came to be known, are some- 
times so pronounced that the two phases were considered by specialists 
is belonging to different species. As regurds hnbits, locusts of the 
solitary phase are typical grasshoppers, showing no inclination to 
form dense bands and swarms. Should, howover, the numbers of 
locusts in a restricted area increase, so that crowding results, the 
locusts: nequiro strong grogarious tondoncies. ‘The phenomenon of 
phase variation in locusts has since been subjected to intensive studies, 
fund many intoresting details have been discovered, but the point of 
outstanding practical importatice wns that it opened up a possible 
approach to the problem of the origin of locust outbreaks. 


NEW PERIOD OF INVESTIGATIONS 


Tn 1928, a serious outbreak of the desort locist started to develop, and 
the British Government decided that steps should be taken to con- 
sider not only defensive measures, but also the possibility of w radical 
solution of the problem by ascertaining the reasons for the periodical 
swarming of Locusta, with a view to their control. A Locust Sub- 
Committes of the Committee of Civil Research (later transformed 
into the Committee on Locust Control of the Economic Advisory 
Council) was formed on April 29, 1929, nnd that date may be taken 
as the threshold of « new nnti-locust policy, ‘The notual work wae 
entrusted to-n special research unit, under the supervision of Sir Guy 
A. K. Marshall, then Director of tho Imporial Institute of Entomol- 
ogy, and under the technical direction of the presont writer. A 
scheme for collecting current information on locust movements and 
breeding in all countries of Africa and the Middle East was intro- 
duced, and several field investigators were went out to study the prob- 
Jem on the spot, The organization, set up as a purely British one, 
rapidly attracted attention in other countries, and the First Inter- 
national Locust Conference at’ Rome in 1930 requested the British 
organization to act ax the International Centre for Anti-Looust Re- 
search, where all the information on the subject could be centralized, 
‘The years 1990-88 witnessed n unique concentration of scientific effort 
‘on locust investigations. Parties of British, French, Belgian, South 
African, Indian, and Egyptian experts systematically explored one 
aurea after another; spending months in the regions which are rightly 





340 ANNUAL HEPoRT SMrTHsoNtAN INSTITUTION, 1944 


regarded as most inhospitablo; establishing temporary field Jabora- 
tories; and gradually disentangling tho many threads of the great 
problem. Nor was this extensive work uncoordinated, since practi- 
cally every yoar tho experts and other representatives of the countries 
involved caine together for n conference, to pool the results and to plan 
further campaigns, The accumulation of information on locusts at 
the International Centre, in the meantime, went on, with a steady im- 
provemont-in the unified reporting system, which by now covered the 
entire continent of Afrion and q substantial portion of Asia. All 
countries in that immense region submitted monthly reports on the 
Jocust situation, ‘These reports were critically examined, i 
and mispped, so that all developments in the situation could be fol- 
lowed stop by step. 

A foaturo of this international effort was its development without 
tho signing of formal conventions and on a basis of direct co 
tion between experts of many nations, with the ready support of their 
governments, 

‘The reoults of this teamwork, which is certainly unique in entomo- 
Jogical history, have justified tho effort. At tho outset of the investi- 
gations, practically nothing wns: known on thé distribution of the 
different species of locusts in Afrien, on their sensonal eyelo-and migri- 
tons, and particularly, on the origin and the course of their periodical 
outbreaks. After 8 years of intensive work, » clear picture of the 
whole problem became available, whiich lias rd it possible to formu 
late an entirely new nnti-loeust policy, aiming at « rndical solution 
of the locust problem. 





NEW ANTLLOCUST POLICY 


‘Tho investigations just outlined have provided abundant evidence 
that the periodicity of locust outbreaks is elosely connected with the 
Periodical transformation of the harmless solitary. Phase into tw 
dangerous gregarious one. Such a confirmation ofa scientific theory 
may appear of no importance except to oxperts, but actually the theory 
has supplied the key to the whole problem, It was proved that the 
transformation into the gregarious phase can happen, in the casa of 
each locust species, only in certain relatively restricted areas with 
peculiar naturnl conditions, and it is only. in these outbreak nroas 
‘that the first swarms can be formed, In the case of the African migra- 
tory locust it was shown that afew small swarms arising about 1928 
ina restricted ares on tho middle Niger in the French Sudan were 
the-catte of an invasion which in 5 yenrs swept over the yreater prt 
of the African continent (fig. 2). ‘The outbreak areas of the red 
Toctist have heen Jocated in ‘Tanganyika ‘Territory and in Northern, 
Rhodesia, With regard to the desert locust, it was found that its 
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swarms can arise from the souttered locusts. of the solitary phase on 
the cousts of the Red Sea; in Baluchistan, and in Mauretanine 

The fact that the great locust invasions nre due to very small be- 
ginnings hus important implications, for once the original outbreale 
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Pivone 2—Map of Africa mowing the spread of swarnis of the milgratory locust 
(Locusta migratoria migratorioldes 1. & F:) during the Jnst outbreak. The 
outbreak commend In 1928 In tho two centers on the Middle Niger yhosen tis 

ick nnd spread in the sume year over the nroa numbered 1. "Tho wrens grade: 

Aly Inyndod during each of the following years are wuithered consecutively. 

Generally, two generations were produced each Jour, The actowe reprysent 

only the tala Ines of migration, smalter seasonal movereste tot beitig shows. 











tirens are known, they can be put under permanent observation andl 
ny tendency on the part of the solitary locusts to form incipient 
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swarms can be suppressed before they have had « chance to spread 
elsewhere. The new policy of locust control xims, therefore, at pre 
venting the outbreaks instead of allowing them to develop into in- 
vasions and then trying to devise desperute defense measures, 

‘This policy of prevention of locust outbreaks is clearly more 
rational than the old defensive policy. Tt is also more economical, 
requiring regular annual expenditire of only s small fraction of 
the average annual cost of the defensive measures, apart from éliminat 
ing the losses due to invasions. 

By the year 1998, the international investigations had sdvanced 
so woll that it was possible to formulate practical plans for dealing 
with the three main locust species affecting Africa und the Middle 
Enst. At the Fifth International Locust Conference hold at Brussels 
in 1988, definite schemes were elaborated for establishing permanent 
orgnnizations for the control of the desert, migratory, wud red locusts. 
‘These plans, naturally, required further discussions of administrative 
and financial details, and theso extended into 1039, when the out- 
break of the war made the locust problem appear insignificant. 

Very soon, however, it became apparent that the war would demand 
® maximum production of foodstuff’ and that crops must be sife- 
guarded from Joousts. Unfortunately, most of the outhreale areas of 
tho desert locust were near, or very close to, the war zone, and the out- 
break areas of the migratory locust became inaccessible to, outside 
experts after the fall of France. ‘There retained only the red locust, 
and the schemo for its control, supported by the British colanies and 
protectorates in Hast Africa, by Southern Rhodesia and the Belgian 
Congo, was launched in 1940, Recently, it became known that an 
organization for preventive control of the migratory loctst has been 
estublished by French authorities without waiting for international 
support, which must be given ws soon wx possible, ‘Thus, in spite of 
the war, the foundation stone of permanent international locust. ¢on- 
trol was laid. 


LOOUSTS AND THR WAR 


At was a most unfortunate coincidence that, after » quiet interval 
of several years, the desert locust exhibited signs of renewed swarm- 
ing just as the war broke out and the first swarms had a chatice to 
escape observation and destruction. By the time the arvas in ques- 
tion had become more accessible, the swarms were not numerous, but 
suficiently widespread to necessitate nn urgent campaign for the 
protection of crops throughout. the Middle East and Kast Africa. 
From the point of view of organization, war conditions proved to 
be, paradoxically, more favorable for an anti-locust carnpaign than 
normal times, The importance of safeguarding vital food supplies, 
both for the troops and the population, beenme a powerful factor in 
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obtaining the willing cooperation of all concerned, ‘This made it 
possible, for the first time in the history of locust control, to organize 
not a dozen small rational campaigns designed mainly for defense, 
but a unified eumpaign embracing the whole affected area and xssum- 
ing the character of offensive operations. These operations are based 
on « knowledge of the seasonal movements of swarms, which has been 
nocumulited in past years and which makes it possible to forecast 
the course of events with considerable accuracy. It is m matter of 
justifiable pride for the Anti-Locust Centre that in the present in- 
vasion every country has received w timely warning, and that these 
warnings have proved to bs correct, 


‘THE INTERNATIONAL ANTI-LOCUST CAMPAIGN 


Sonsonal movements of the desert locust cover an enormous region. 
Swarms produced during the summer monsoon rains in India fly 
in the autumn to southern Persia and Arabia; the latter country 
receives about the same time the swarms bred on summer rains in 
Africa. ‘The winter and spring rains in Arabia and southern Persia 
enable these locusts to multiply and the new swarms produced in 
these countries move during the spring into Sinai, Egypt, Palestine, 
Syria, Iraq, Central Persia, Afghanistan, and India, sometimes reach- 
ing as far north as Turkey and Soviet Middlo Asin, brooding wherever 
they moet rains, ‘The Red Sea, Gulf of Aden, and even the Arabian 
Sea re Linble to be crossed by swarms migrating between Africa, 
Arabia, Persia, and Indis, Many swarms from Arubia cross to the 
Sudan, Eritrea, and Ethiopia, where they are able to breed ngnin on 
summer rains, In the Somalilands, Ethiopia, and East Africa, the 
seuyons are somewhat different, but the principle remains the sume, 
since looust swarms always evacuate a region which becomes too dry 
and migrate to rainy ons. As a result, the whole enormous region 
stretching from Enst Africa to Indin hns to be regarded as a single 
interconngeted migration area Obviously, the general strategy of 
tho anti-locust campaign had to be based on the knowledge where and 
when the enemy could be best attacked, An essential principle of 
this strategy was to evolve a single plan of the campaign, with a 
view to exterminating locust swarms wherever this ean be done with 
the maximum effect, 

In planning the eaupaign, it wus essential to make full use of the 
fact that in many of the affected countries there existed efficient 
local entomological organizations. Such organizations in India, 
Anglo-Egyptian Sudan, and the British Eust African colonies could 
be relied upon to organize locust control in their own territories, 
within the framework of the general campaign. Some of them went 
further, and generously offered their assistance to the surrounding 
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territories. Thus, the Sudan supplied personnel and bait for Arabia; 
Tndia sent a trained steff to help in Persia and Oman; Kenya has 
undertaken to supply. bait to the territories of the former Italian 
East Africa, etc. In Persia where local personnel was competent to 
deal with tho situation, the extent of the operations required wus 
too great for the local resources, and British, Indian, and Soviet 
Governments cume to their assistance by providing additional per- 
sonnel, motor transport, bait, eto. 

‘The chief problem, howeyer, remained that of Arabia, a yast sub- 
continent devoid of communications, with a sparse populution, which 
has little interest in locusts as agriculture is practically nonexistent. 
On tho other hand, this is one of the most important locust-producing 
reas. Fortunately, most of the peninsula is under the rule of King 
Thn Saud whoris keenly interested in the development of his country 
and he not only agreed to admit anti-locust missions but offered ready 
assistance in their work, Stall motorized anti-locust missions were 
sent to various parte of Saudi Arabia and Oman in 1949-43, muinly 
for the purposes of studying the conditions and acquiring experience 
in dosert warfare against locusts, The next winter (104944) it 
‘became possible with the assistance of civil and military authorities 
to send into Arabia several well-equipped missions, comprising over 
480 motor vehicles and nearly 1,000 men. ‘These missions were dis- 
tributed over all the most important locust-breeding arvas and have 
accomplished a magnificent piece of work in spite of many and various 
difficulties, Most of the personnel were British, but it included also 
Americans, Egyptians, Indians, Palestinians, and Sudanese locust 
officers and technical assistants. ‘The whole anti-locust army wan 
technically directed by the Chief Locust Officer (R. C. Maxwell 
Darling, luter succeeded as Senior Locust Officer in Arabia by D. 
Vesey-Fitzgerald), and various detachmunts kept in touch by wireless, 
Many thousands of square miles of territory, some of it never before 
visited by Zuropeans, have been effectively cleared (by poison bait) 
of locusts, which were killed in quantities defying all estimation. 
Apart from the immedinte achievement in reducing Jooust hordes, 
which would have invaded the adjoining fertile countries, the Ara- 
bian campaign bad a great propaganda value, showing the population 
that locusts, which tised to be regarded as Allah's visitation, ean be 
killed and crops saved from them. These crops may be fow and far 
between, but this makes their local value even greater than it would 
have been elsewhere. The campaign has also demonstrated the sin+ 
cetity of purpose of the United Nations in sending the anti-locust 
thissions. For those who conceived the idea of the Arabian campaign 
and who participated in planning and in carrying it out, it was an 
encouragement to see that, as it was hoped, locusts can be beaten on 
their own ground. 
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Anti-loonst campaigns on 2 similar seale had to be organized also 
in East Africa, where military authorities rendered most: valuable 
help with regard to transport and personnel; while the Royal Air 
Force was everywhere playing its part, helping with communications 
and transport. In order to coordinate operations in all British terrie 
tories and the occupied Italian ones, an East African Anti-Locust 
Directorate was established at Nairobi. In Kenya efforts on a par- 
ticularly great seale have been made, with the result that the-m 
tural production of the country, which has greatly increased during 

sthe war, has not suffered to any serious extent. In the past, locust 
invasions in East Africa often entailed wholesale destruction of crops 
and famine resulted. 

A gallant fight has been put up hy Tndia, where ‘erent difficulties had 
to be overcome in order to centralize the direction of the campaign, 
singe locusts were supposed to be the responsibility of each separate 
provincial government, not all of which wore equally alive to, the 
danger. Howaver, good progress has been made and in 1043 0 great, if 
temporary, victory over locusts was won in India, which by the end of , 
tho year was clear of swarms, but became reinvaded from the west in 
1044 when again x successful caxnpaign was carried out, ‘This reine 
vasion served to nnderling the fact that no country can hope to achieve 
lasting success by its own efforts alone, but all hnve to work together, 

Ethiopia presented a particularly difficult problem, As in the case 
of Arabia, many parte of Ethiopia serve for the production of looust 
swarms and it was impossible to expect that they: would be controlled 
locally. Moreover, previous knowledge of Ethiopia in relation to the 
locust problem was extremely meager. Therefore, » special mission 
wassent to Kthiopin in 1042 with n view to investigate the situation, to 
organize rogular locust information service, and to work toward making 
the authorities locust-conscious. By 144, it was possible to report exe 
cellent progress in all these directions, but there remained still ange 
areas where locusts continued to breed but where it was impossible to. 
organiza their effective control. These areas af Ethiopia, ax well ax 
‘Yemen in Arabia, so fnr remain beyond the general plan of the eam 
paign, but in both countries there are hopeful signs of improvement, 

‘Tho organization of series of campaigns of such magnitude would 
have been impossible without the ready cooperation of all governments 
concerned, and of the many civilian, military, and air authorities of 
the Allied nations. Special credit is duo to the Middle Eust Supply 
Contre, an Anglo-American regional economic organization based in 
Caito, with ramifications over the whole of the Middle East. ‘That 
Centre, advised by the Chief Locust Officer (R. C. Maxwell-Datling, 
succeeded by O, B. Lean), has undertaken to shoulder the henry bur- 
den of organizing and administering the campaigns in Arabia and 
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Porsia, and such successes as have been achieved are largely due to 
the efficiency of the machinery which had to translate into action the 
plans prepared by experts, 

‘The invasion area of the desert locust, however, is not restricted to 
East Africa and the adjoining parts of Asia, but extends across tho 
French West and North African territories. Here the organization of 
control is in the hands of French authorities, and the Allied Govern- 
ments are only rendering assistance by supplies of poison, French 
experts and the administration are ficed with enormous difficulties 
in organizing their anti-locust campaigns, but their efforts are meeting 
with considerable success. Great progress in the anti-locust organiza- 
tion was marked by the establishment in 1943 of the Office National 
Autincridien at Algiors. ‘This office, directed by the outstanding looust 
export, Dr. B.N. Zolotarevsky, aims at coordinating anti-locust meas- 
ures throughout the French African territories. A continuous work- 
ing contact is maintained with the Anti-Locust Research Centre in 
London, and in this way the unity of the general plan is ensured. 

‘The great series of anti-locust campaigns just outlined is far from 
being over, and it is too early to claim their success. Nevertheleas, it 
is significant that, with the invasion in its fourth year, no serious losses 
of crops occurred anywhere, in sharp contrast to what happened in 
tho past invasions by the desert locust, Great efforts were needed to 
achieve this result, but their cost must be regarded in relation to the 
losses that appeared unavoidable. It should be clearly understood. 
however, that this success is only n temporary one, and any relaxation 
of effort would lead toa disnstor, In fact, the year 1944-45 may see the 
peak of the present invasion which will probably continue for 2 to 8 
Years more, and the campaigns will have to go on tntil the danger is 
‘overcome. ‘The need for protecting food production in Africa and the 
Middle East was particularly urgent during the war, but it would be 
‘© poor introduction to the postwar world if a famine were allowed to 
develop an the conclusion of hostilities. 





THE CODLING MOTH 


By BA Poors 
Bureau of Bntomology and Plant Quarantine, Agricultural Research 
_Admsinistration, United States Department of Agriculture 


ith 0 taten) 
INTRODUCTION 


‘The codling moth, Carpocapsa pomonella L., is a conspicuous exam: 
ple of an insect species that has been able to maintain itself as a 
destructive pest of apple orchards for more than a hundred years in 
spite of the continuous development and improvement of control 
practices, Forty or more investigators employed by the United States 
Department of Agriculture, State agricultural experiment stations 
and other Stato agencies, and insecticide companies, are now devoting 
all or a considerable part of their time to this problem, and pees 
is constantly being made in the development of control measures. 
literature has become so voluminous that no one person has oe re 
viewed all of it. Yet with all of this progress the insect continues to 
cause serious losses to apple growers. Since similar trends have been 
exhibited by certain other insects, a review of the evolution of control 
measures for the codling moth, and the conditions that have permitted 
the insect species to maintain itself in spite of these control measures, 
may be of interest to students of insect control problems, 


BIOLOGY OF THE CODLING MOTH. 


For the benefit of readers who are not well acquainted with the 
codling moth, « brief summary of its seasonal history will be given: 
‘The codling moth passes the winter as full-grown larvae in eocoons, 
in crevices in the bark of the tree, uniler loose flakes of bark, in debris 
on the ground, and in similar places (pl. 1, fig. 1). In early spring, 
as the buds begin to push out, the insect changes to the pupa (pl. 1, 
fig. 1), or stage in which the transformation from larva to adult moth 
takes place (pl 1, fig. 2), ‘The first moths appear about the time the 
apple trees come into bloom, and shortly begin to lay their white, 
scalelike eggs (pl. 9, fig. 1) on the leaves, chiefly around « fruit spar, 
Later many of the eggs are placed directly on the fruit. ‘The newly 
MT 
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Lhafched larvae make their way to the fruit, unless the exes wore al- 
ready there, chew their way in, and feed on the pulp and seeds until 
mature (pl.2,fig.2). During the first part of the season many of the 
worms enter through the ealyx, or blossom end of the fruit; Inter most 
of them enter the fevit through the side, ‘The minimum time required 
for a complete life eycle under tho most favorable conditions is up- 
proximately 37 days. ‘The number of generations in a season ranges 
from oue, with a negligible fraction of a sccond, in the more northern 
apple-growing sections, to threo nearly full enorations and « part of 
8 fourth, in the more southern Iocalities in which apples are grown, 
In favorable seasons in such localities, the worm population in Inte 
summer reaches tremendous numbers. In unsprayed orchards there 
‘muy be five or tore worms in neatly every apple, and the crop is com- 
pletely riddled; in many reasonably well-speayed orchards losses of 
20 to 30 percent are not uncommon. Although a few growers may 
succeed, worm control is.an uphill fight under such conditions, and in 
certain localities in which stich conditions éxist, apple production has 
undergone 1 serious decline 


CONTROL BY ORCHARD SANITATION 


Until late in tho Inst contury, partial control of the eodling moth 
‘was accomplished by various practices which aro often referred to as 
“orchard sanitation,” including the trapping of the mature worms 
under bands. ‘The early writers recommended the removal of loose 
hark from the tree trunks, the destruction of rough ground debris, 
and the removal of dead wood from the tree, in order to destroy the 
insects in their hibernating quarters and to eliminate their fayored 
cocooning places. The removal and destruction of infested fruit, the 
scrdening of packing sheds, and similar measures, were also suggested. 

For the purpose of trapping the worms, « number of ingenious typos 
of bands and other traps were developed during the nineteenth cen- 
tury. Banding wns first suggested about the middle of the century 
(Burrelle, 1840), One of the bunds most widely used for « time was 
ahay-rope band (‘Trimble, 1865) (pl.3). After a faw ‘yours, however, 
this type of band gave way to materials morw convenient to use, sucls 
1s heavy wrapping paper, burlap, canvas, or flannel cloth, Some 
growers who used the cloth bands killed, the worms trapped in them 
by running the bunds through a clothes wringer, mounted on a whoel- 
barrow for convenience in operating it and moving it from tree to 
tree in the orchand, Then there was the Wier shingle trap which 
consisted of three shingles placed on the trunk of the tree, and held 
just far enough apart to furnish an attractive cocooning place. The 
worms were killed by rubbing one shingle against another, or by giving 
the whole device a sharp blow with » hammer, 
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With the advent of spraying, the control measures just outlined— 
banding, the scraping of loose bark from the trees, destruction of 
debris, and similar practices—became supplamentary or were dis- 
continued entirely. About 15 years ago, Siegler nnd associates (1927) 
dovised a chemically treated band which nutomatically kills the worms 
that enter it, Such bands are now used by many growers. A revival 
of the various sanitary meamutes took place from 1020 to 1083, when 
didicalties with spray residues were the most avute. The use of such. 
measures was, however, still looked on as secondary and supplemontary. 
to spraying. 

‘The prodominant development in the coding moth problem has 
bean the adoption and evolution of spraying. 


EVOLUTION OF CONTROL BY SPRAXING 


In 1878 the control of the codling moth was completely changed 
Ly tho discovery made by two New York State growers that the 
recently developed tise of Patis green against eanker worms was also 
giving control of the codling moth, ‘This was reported the following 
Winter (Woodward, 1879), and in 1880 there were conducted in Michi- 
gan tho first official experiments with an nrsenical, known as London 
parple, for codling moth contro! (Cook, 1880). ‘The favorable results 
obtained stimulated extensive experiments elsewhere with both Paris 
green and London purple. Early in the twentioth century these ma- 
terials gave way to load arsenate, which inn short time became the 
standard material for codling moth control. Lend arsenate was first 
available as a piste, often prepared by the grower himself from sodium 
‘arsenate and lead acetate or lead nitrate. Soon, however, lead arsenate 
becamo commercially available in a powdered form, which rapidly 
displaced the paste muterial, because of greater convenience of han- 
dling, ‘The effectiveness of load arsenate has been further increased by 
the use of various accessory materials, such as fish oil or mineral oil 
emulsion, With certain accessory materials the lead arsenate con- 
tinnes to build up on the fruit and foliage with prolonged spraying, 
instend of leaving the tree with the run-off, 

‘The spray programs followed by growers have also undergone 
marked evolution, At first many growors obtained satisfactory con: 
trol with # single spray, applied just after the petals fell. After 
fow years, howover, the need for more spray applications during the 
season became evident, and now many growers put on § to 10 or even 
more applications of spray for codling moth control. Many of the 
State colleges or experiment stations regularly furnish the growers 
with current information on codling moth development during the 
veason, to aid them in the timing of spray applications. The use of 
traps containing baits of fermenting solutions of low-grade sugars oF 
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syrups, often with added aromatic chemicals, although not accom- 

Pn cea cabtal Pepe of divest control, bare ben fous 

valuable aids to the timing of spray applications, by giving informs 

tion on moth activity and abundance in the orchard. 
SPRAY-RESIDUB PROBLEM 


In the earliest official test of arsenicals (Cook, 1880) the question 
of the effect of the material on the consumer was considered, On:the 
basis of analyses which were made at that time, the conclusion was 
reached that the quantity of poison that could be carried over to har- 
Yest as a result of the spraying was insignificant, With the type of 
spraying that was done in the early days this was probably correct 
conclusion. However, as the number of spray applications increased, 
along with increases in the strength of the spray mixture, and in the 
number of gallons applied per tree, the quantities of lead and arsenio 
on the fruit at harvest constantly increased. ‘The question of dan- 
erous residues was raised from time to time but it was usually dis- 
mised with « statement that it would be necessary to consume an 
iippossibly great quantity of the product at one sitting to obtain an 
injurious dose. During all this period tho acute toxicity was tho only 
consideration, but in the early 1020's there developed n realization 
that the use of lend arsenate sprays had increased to a point where 
American fruit was carrying quantities of residue actually or poten- 
tially dangerous to human health from a cumulative standpoint, ‘The 
situation was crystallized in 1925, when British health authorities 
rejected shipments of American apples because of excessive arsenical 
residues. “This episode was followed by appropriate action by the 
United States Department of Agriculture in carrying out ita responsi- 
bility for the enforcement of the Food and Drugs Act. ‘This action 
caused consternation in the apple industry, but fortunately effective 
washing methods and machinery were promptly developed for re. 
moring tho residue before the fruit is marketed, which has permitted 
the continued employment of lead arenate until other less objection- 
Able insecticides or other methods of control are developed. 


SEARCH FOR NEW INSECTICIDES: 





Cryolite is effective in the Pacific Northwest, although it is undepend. 
able elsewhere, and ite use involves something of n spray residue prob. 
em and in many cases washing the fruit is necessury, Nicotine 
bentonite has been found more effective than lead arsenate in certain 
Parts of tho Middle West and is used to a considerable extent there 
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and alsewhore. Nicotine sulfate with oil is likewise used in some locali- 
ties. Phenothiazine, when very finely ground, has given outstanding 
control in the Northwest, but has not come into commercial tse be- 
cause of the unfavorable effects on the fruit and on orchard workmen, 
and because of cost. ‘The most recently discovered material is DDT 
(22-bis(parschloropheny!)-1,1,1-trichloroethane) which may outstrip 
all the others, although # final decision on its ultimate usefulness can 
be mado only after more extensive teats have indicated its effects on 
tho consumer, on orchard workers, on fruit trees, and on the beneficial 
ingects that wid greatly in keeping orchard pests within bounds or 
that provide for the pollination of the feuit. 


DEVELOPMENT OF SPRAY MACHINERY 


‘Along with the evolution of materials and programs for codling 
moth control lias been the development of spray machinery for the 
application of the insecticides. ‘The original hand-operated, back- 
breaking barrel pumps soon gave way to crude power-operated outfits 
(pls, 4, 5), Power spraying equipment has been stendily improved, 
coincident with the development of the automobile and airplane. ‘The 
grower now hs his choice of stationary sprayers, which pump the 
spray mixtures from a central plant through overhead or underground 
pipes to outlets placed at suitable intervals through the orchard, 
standard portuble rigs (pl. 6, fig. 1), or the recently developed air- 
blast type of sprayer (pl. 6, fig, 2), which delivers the spray by means 
of the blast from a propeller similar to those vsed in airplanes. 
Prosent-day standard spray outfits give prossures up to 700 or 800 
pounds per square inch and will deliver 20 to 80 gallons per minute oF 
more. A number of men can spray ut the same time from the Inrger- 
capacity stationary sprayers, 


CONTINUED DIVFICULTTES IN CONTROL 


With the development of improved spray materials nnd mixtutes, 
high-power, large-cupucity spray machinery, and curefully workod-out 
spray programs, whieh all together resalt in spray deposits on fruit 
and foliage that would have been unbelievable 60 yoars ago, it would’ 
be natural to expect m corresponding improvement in eodling moth 
control. Actually, however, nothing of the kind has occurred, AJ 
though in most orchards the growers ure obtaining a reasonable degree 
of control, there is no indication that the worms are any Jose abundant 
or destructive than they were 50 years ago. In fact, in some areas 
the growers are having more difficulty than ever before in controlling 
the worms, In such areas, in which conditions favor the insect, 90 
‘or 80 percent of the apples are often wormy at harvest time, in spite 
of the making of 8 to 10 spray applications during the season, and the 
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use of supplementary control mensures, It is therefore evident that 
the vodling moth, instead of being a more or less fixed quantity, and 
subject to reduction in numbers, as control methods have been, im- 
proved, lins undergone an adaptation or evolution that hus permitted 
the insect to hold ita own or even to increaso in numbers in spite of 
man’s efforts, 

CHANGES IN CONDITIONS 


First, the standards by which control is judged have been modified 
from time to time, With the trend toward the concentration of com- 
mercial apple production in areas remote from markets, only high- 
grade fruit is worth the cost of shipping thousands of miles; and in 
such areas moderately injured fruit, which in lovalities near the con- 
suming centers might bring fair prices in local markets, is now a total 
loss. Also, the American public demands a higher standard of por- 
fection in its fruit products than ever before, ‘This all means that our 
standard of satisfactory control is much higher than it was 60 
yoars ago, 

Many of tho practices adopted by fruit growers have given ailyan: 
tages to the codling moth. Apple production has passed from small, 
‘golated farm orchards to moro intensive production in limited areas, 
In these newer areas conditions nto sometimes especially favorable for 
the apple crop, but in other cases there has been extensive promotion 
of appla culture outside the range within which the apple would nov- 
mally thrive, In either caso, this trend has been an important factor 
in favor of the worms, With an abundance of its favored food avai 
blo in virtually continuous, extensive acréage, with improved vu 
‘and cultural methods that have tow certain extent. eliminated the 
biennial bearing habit that characterized many of the older apple vari- 
stios, n factor that automatically held the codling moth population at 
8 low point, it is not surprising that the present-day grower has to 
deal with a more numerous population, As these areas have come into 
full bearing, the mature trees have often reached such wie that sprny 
coverage has been poor. 

‘Tho benefits derived from the extensive nse of insecticides have un- 
doubtedly been offset to some extent by their unfavoruble effect on the 
abundance and uetivities of parasites and predators of the codling moth. 
Evidence has been obtained in New York State (Cox, 1982; Collins, 
1034) that one.of the most important Intval parasites of the eodling 
moth, namely Ascogaster quadridentatur West, is adversely affected 
by lend arsenate and that in sprayed orchards the perventage of parn- 
sitization is less than half of thnt existing in unsprayed orchanda. It is 
‘not at all improbable that the effectiveness of other parasites and por: 
haps predators is also very much reduced by the continued tm of lead 
arsenate. This factor may havo been an important one in permitting 
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codling moth populations to get out of hand in certain localities. 
Closely related is the effect of other present-day orchard practices on 
the parasite population. It may well be that the interisive clean-cul- 
ture or cover-crop systems followed in many modern orchards may 
have eliminated many of the other hosts of the common parasites of the 
codlling moth, thus causing the balance to swing in favor of the codling 
moth, 


ADAPTATION ON THE PART OF TH CODLING MOTH 


‘The factors just outlined, however, are not sufficient to explain the 
marked increases that have developed in the ability of the codling 
moth to thrive in the presence of heavy deposite of lend arsenate, 
Some change seems to be taking place in the insect itself that is modi- 
fying ite ability to enter fruit in spite of the presence of a poison, 

‘The most extensive study that has thrown light on this problem has 
boon carried on by W. 8, Hough, of the Winchester field Inboratory 
of the Virginia Agricultural Experiment Station. His earliest, work 
(Hough, 1929 nnd 1034) included a comparison of codling moth stocks 
from near Grand Junction, Colo, where the insect had became notori- 
ously difficult to control, with stocks from Virginia, where control was 
much easier. Dr. Hough showed that, newly hatched codling moth 
Jurvae from Colorado stock were able successfully to enter fruit heavily 
sprayed with lead arsenate to the extent of 15 to 40 percent or more, 
whereas the proportion of native Virginia larvae entering similarly 
sprayed apples was usually Jess than $ percent, Furthor, this differ. 
‘ence persisted through 14 or more generations reared in the insectary, 
under Virginia conditions. Crosses gave intermediate results. Hough 
Inter (1943) found that Virginia larvae from stocks from orchards 
having. history of intensive spray programs wore able to enter sprayed 
fruit in much greater proportion than those from unsprayed or poorly 
sprayed orchards. Strains from various Virginia orchards fed through 
successive generations in the insectary on sprayed fruit became differ- 
entinted from tho parent strains, and showed increased ability to enter 
sprayed fruit. Stainer and associntes (1944) have shown similar 
wido differences in codling moth stocks from different orchards in 
the Ohio Valley with respect to their ability to enter sprayed fruit. 
Both of these investigators have found that this condition is not re- 
stricted to lend arsenate, but that differences, although not always so 
wide, exist with respect to other insecticides, including nicotine ben- 
tonite and cryolite, Hough has reached the conclusion thnt these 
differences are due to differences in general vigor, but Steiner's obser- 
vations have suggested that they may result from differences in habits. 

Both of these workers beliove that the different strains have beon 
segregated by the elimination of thoee Inrvae that have the least 
ability to enter sprayed fruit, rather than that individuals have be 
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come immune or resistant to specific compounds and that such immu 
nity or resistance has been transmitted to their offspring. 

ability to survive in spite of insecticide treatment has 
been exhibited by a number of different insects, including the Cali. 
fornia red scale, Aonidiella aurantii (Mask.), certain strains of which 
are much more resistant than others to fumigation with hydrocyanie 
acid. ‘The tendency toward the segregation of races within economic 
species hus boen thoroughly reviewed by Smith (1941). 

‘The evidence just cited indicates that, instead of remaining con- 
stunt and static while the evolution of control measures was going on, 
the eodling moth ay a species has undergone considerable adaptation 
or evolution on its own account in the direction of greater ability 
tosurvive in the presence of insecticides, The segregation of resintant 
straing, together with certain practices on the part of the fruit indy 
try, have permitted tho insect to maintain ite position us the most seri- 
ously destructive pest of the apple in spite of the development of 
conttol by insecticides to'n high degree of officiency, at least in the 
plication and maintenance of heavy deposits of insecticides during 
the periods when needed. ‘The codling moth is only one of the several 
insoct pests known to have undergone development in this general 
direction, and many othor insects may be developing in « similar 
way; but at a slower rate, It is evident that ultimately insecticides 
or other control measures that are less selective in their action. will 
haye to be used for the control of the codling moth, or perhaps the 
problem can be solved by occasional changes from one insecticide to 
another that is selective in w different way, Whatover the event! 
solution of the probloms that have grown out of the evolution undor- 
gone by the codling moth, the entomotogists will undoubtedly be able 
to moet this challenge to their ingenuity and resourcefulness, and 
any solution of this particulnr problem may point the way to means 
of mocting similar problems with other inseet pests ns euch problems 
arise, 
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GRASSLAND AND FARMLAND AS FACTORS IN THE 
CYCLICAL DEVELOPMENT OF EURASIAN HISTORY* 


By J. Rowen Sere 


Eyitn 2 plated 


‘This papor might be called a study of equipment eras—or the inter- 
toting influences of equipment and culture in certain environments. 

‘Man is a tool-using animal, and thore is. tendency to confuse the 
results of mental or personal qualities and the results of the equip: 
ment that we may haye at hund. Consider for a moment s group of 
Europenn primitives, so-called, who left cultural and skeletal remains 
in caves of France some 20,000 years ago, Anthropologists have 
named them Cromagnon. If they were living today most of ws 
would doubtless call them savages, regard them as inferior beings, 
Sir Arthur Keith tells us that the Cromagnons had larger brain pans 
than we haye. But we of this generation lave inherited agriculture 
with its crops and beasts, aldo engines nnd machines, transport: and 
buildings, and books, the master tool, the mother of tools, 

Tt is easy for us in our inherited cultural riches to lose aight of the 
scanty cultural inheritance of Cromagnon man, ‘He and his parents 
were living in the collector stage of economics, He plucked his living. 
from the natural environment, with the aid of his fingers, toes, and 
tecth, and with equipment of wood, fire, fint, shells, bone, sinew, and 
skins—Stone Age wo call it, He ate everything that was digestible— 
oust, birds, fish, reptile, and insect, seed, leaf, stem, and root, and 
sometimes the neighbors, but that was usually ceremonial He prob- 
ubly Hved a life filled with terrors and what we would regard as 
impossible hardahip. 

It is ono of the'greatest achievements in human history that Stone 
Age man made some sort’ of living in every continent except Ant~ 
aroticn, Archeologists and anthropologists trace Stone Age man from 
shores of tho Arctic Sea in Greonland to the chill and reeking wet~ 
ness of Tierra del Fuego; from Alaska to Newfoundland; from Gibral- 
tar to Kamchatka; from the Siberian Tundra to South Africa, Tas- 
mania, and the far islands of the Pacific. Stone Age man made living 
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in very important type of environment except the glacial ice ep; he 
was even found living cheerfully at the very foot of the ics eliffa in 
Greenland. 
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Not only did Stone Agu man make a living, such as it was, in every 
type of environment—he and the women supported their offspring, 
maintained the race, formed communities, developed rules of conduct 
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(laws if you like), and created s literature in the form of folklore. 
They strugled with external nature, and, like the rest of mankind, 
with human nattre, 

‘These men and women in the smoky eave, the pit house, the skin 
tent, or merely sleeping in the open by fire or without it, were vexed 
by two problems that vex us today—the struggle for possessions-and 
the lust for position, preferment, power. 

Howard H. Brinton, a living Quaker writer of distinction, says: 
“Byory one has within himself, a potential Hitler ns well ns « poten- 
tial St. Francis.” 

With these two types in mind we should note that man's progress 
depondis upon two things—first, keeping down his own potential Hit- 
ler, with the aid of odueation, morality, and religion; and second, 
fighting down his neighbor's Hitler. Controlling one's neighbor's 
Hitler presented a social problem, and for this man probably, wae 
forced to invent government, 

In the Stone Age, as now, the external Hitler tendency, the bully, 
hhad to bo kept in check, Control doubtless began ns family fights 
fund grow into clan, tribe, and other forms of group control. Even in 
prehistoric times, government, formal or informal, developed in all 
climes, in all societies, and in woll-nigh myrind forms. 

‘When man lived hy collecting, only a fow people could live together 
in any one place, Population per equare mile was limited by the 
amount of available food. One group could force another group out 
of hunting grounds, but one group had difficulty in governing other 
groups. ‘The political group, if one may use the word, was small. 
Although government may havo been invested only in family, olan, 
or tribe, or in w village group, primitive government usually: was 
Inclusive in the scope of ita control over individual freedom, Have 
not the elders of all generations said, “We do it this way"! Anthro: 
pologists aro omphntic concerning the conservatism of primitive man, 
‘That is certainly one reason why the Stone Ago Insted so long—long 
enough to achiove its amazing uniformity of tools und economy and its 
world-wide distribution, despite difficulties of travel. 

‘Many anthropologists believe that this almost static period of human 
history may have existed for. 500,000 years since our ancestors first 
began to uso tools, and year by year the anthropologists are lengthening 
this period. 

“A bow ern began sith the use of domestiented plants and domesti- 
cated nnimals, When some 07 or 98 percent of the half million yours 
of human history had passed, perhaps 10,000 or 15,000 years ago, 
changes began to happen. Men and women, or perhaps we should say 
women and men, began to plant seed and to grow and cultivate crops. 
tis possible that the period of primitive crop growing is much older 
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than that. Ttwascomman in fivecontinents. With a more stable and 
dopendable food supply, human beings could settle down in a village 
for most of the year, or even, in rare instances, for a period of years. 
Soil exhaustion usually bronght declining yields and a new patch was 
brought under cultivation. ‘This process was repeated until finally the 
entire village had to move to fresh land. 

Patch farming was a great improvement over the collecting economy. 
Tt permitted a larger village group and lessened the need to move from 
Place to place. Patch farming gave new leisure, more time for mind 
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Paves 2—This map makes it easier to consider the three valley cultures ax one 
civilization. Why not ealt It the Irrigated Valiey Civilization? Arrows show 
the {rails of culture elements to China, Greece, and the lund of the Hittiten 
(Base may copyright hy Rand MeNally & Cowpany, Chleage.) 


to play upon mind. Nevertheless, the problem of soil fertility usually 
‘kept the settlement from becoming a large one. It also prevented the 
group from remaining at the same place for any great length of time, 
‘These conditions existed on most of the soil areas of the world. 
Patch farming was followed by the domestication of animals, espe- 
cinlly in Egypt, the Near East, and Central Eurasia. ‘The tough 
shoulders of the ox and donkey began to drag man's burdens for him 
‘some 6,000 years ago in Mesopotamia. The sheep and goat gave skin 
and flesh by herding instead of hunting. ‘These animals also gave mill, 
as did the cow. ‘The tamed offspring af the wild boar gave roast pork, 
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and the hen gave eggs without man having to seek the nests of wild 
birds in the forest, ‘The new environment produced by the stimulus of 
crops, damestic animals, and larger residence groups seems to have pro= 
duced a mental emancipation that gave new freedom to the inventive 
typo of mind. 


ANEW ERA, BASED ON LARGER HUMAN GROUPS, HAD ITS ORIGIN IN 
‘THR PERMANENT FERTILITY OF THE IRRIGATED VALLEYS OF EGYPT, 
MESOPOTAMIA, AND ‘THE INDUS 


In Egypt, Stone Age man foand that the recurring flooils fertilized 
bis land euch year with a thin but rich crust of mud, As # result he 
could stay in tie same place generation after generation. Large settle- 
ments soon developed. 

‘This was something new in the world. Revolutions emerged from 
it, Gradually many little governments came under one ruler, the gov~ 
ornmental init grow until finally the prowess of one ruler brought all 
Egypt, with it millions of people, under one government. For 6,000 
‘yours the Nile Valley hus continuously supported its heavy population 
iby benefit of the annual automatic deposit of mud. ‘The Nile is the 
most regular, most orderly, most easily usable large river in the world. 
Tt hus woll earned the affectionate namo of “Father Nile." Lange 
areas of swamp along its tipper reaches become automatic reservoirs 
that tamo the sudden floods that trouble the lower valleys of most 
rivers, 

‘Tho fortility of tho irrigated Landa along the ‘Tigris and Euphrates 
‘was replenished in eomowhat the same way. But, as compared with the 
Nile, Gio Tigris and Euphrates are wild and disorderly rivers, They 
have no controlling reservoirs. ‘The maintenance of irrigation in 
Mesopotamia required more Jabor than in Egypt, and a continuonsly 
effective social organization was necessary, Like Egypt, Mesopotamin 
supported heavy populations, towtis, cities, kingdoms more than 5,000 
years ago. 

‘Tho recent excavations of Mohenjo-dato and neighboring’ cities 
on the lower Indus show somewhat similar developments nbout the 
same time, ‘These three populous valleys supported themselves by ir 
rigation on wide-spteading alluvial lands with « dry, warm climate. 
‘Man hs not yet imagined better conditions for agricultural production. 

In these hot, dry valleys men lived under the compulsion of the need 
to work thoir crops in w season of flowing water, and under the near- 
compulsion of leisure in the season of drought. There was also the 
further compulsion of governments. These factors of surplus food, 
leisure time, lange business enterprises, the desire for self-expression, 
nd the compulsion of strong government produced writing, libraries, 
codes of laws, pyramids, and templer—cultutes that were in many 
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respects much like our own, Among factors of production, we should 
Hot minimize strong government—witness the pyramids, « burst of 
energy covering only 150 years ont of 5,000, 

It is now generally agreed that the whee] and axle, the cart:snd the 
beast-drawn plow were first used somewhero between the Persian Gulf 
and the Syrian shore at or about 4000 B. C—perhaps earlier, Tt is 
further agreed that this important invention was made only once 
in human history. The spread of the wheel and axle to all continents 
hhas been definitely traced from this one source, 

Archoologists are continually finding proof that commerce existed 
at this early time between Egypt, Mesopotamia, and the Indus Valley. 
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Froum: B—Whent culture tn nntiqalty. (After Carl Bléhop,) Wheat tad 
collmutie Limitations to Its mpread. Tt does not thrive ln the wet ‘Truplos, 


‘Because of these exchanges these earliest eonters of heavy population, 
sities and city culture may legitimately be considered one civilization 
in a sense similar to our use of the term Western Civilization. 

‘This new culture of the three valleys with its stupendous advance 
over previous cultures was, at buse, a result of the enduring soit 
fertility. For the first time in human history large sedentary popu- 
lations eoild depend upon the permanence of their food supply. 
Generation after generation men could live in the same place. They 
coud accumulate things. ‘They had leisure. When thoy Ieamed to 
writ#, they soon recorded tmowledge and built libraries in which to 
store it. Thus three dry valleys became the cradles of civilization 
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and finally the tenchers of the human race: ‘From this base many eul- 
ture elements have spread to all parts of the world. It is fortunste 
for those of this generation thatsthe Mesopotamians wrote on endur- 
ing tablets of clay. 

"Then, as now, men who traveled carried with them ideas, techniques, 
and various culture elements. A trail of fragments of painted pottery 
Jeads from Shushan, near the eastern edge of Mesopotamia, and marks 
the road by which culture elements went from Mesopotamia to China, 
‘Through this dry land « natural road proceeds from ‘oasis to oasis, 
Where mountain streams reach the plains at the foot of the mountains 
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Fiovmn 4—Dietribvution of the tenction plow before the age of discovery. (After 
‘Cart Bistiop.) ‘The plow had wider spread than wheat, Tt waa drawn by ox, 
Buffalo, and donkey, and oecastonally by the elephant. 


nutural refreshment stations exist. No one knows how long these 
tittle Niles have been feeding humanity. These fertile spota en- 
courage travel across Iran, western Turkestan, and eastern Turkestan, 
‘Thence the trail continues eastward across Mongolia and down the 
Wei River valley, past the present city of Sian and on to the great 
bend of the Hwangho at the southwest corner of the province of 
Shansi. 

‘No one knows when culture elements first began to pass northeast- 
ward from Mesopotamin over thees stepping stones of fertility. This 
seems to make logical the Chinese claim that Chinese civilization had 
its origin in the Sian Valley near the great bend of the Hwangho. 
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‘This Sian Valley was the first place at which this route across moun- 
tain and desert delivered culture elements from the west to men 
living in good farmland, . ; 
This first center of the present Chinese culture had a rare combina 
tion of qualities. There was enough rain to support agriculture, 
and there was loess soil. This wind-blown gift of deserts that lay 
to the west is the closest approach on earth to the perennial fertility 
of the annually flooding river valley. Let a farmer plow the top foot 
of loess und let the soil wash away or blow away, it matters not— 
the second foot is as good as the first: the twrenticth foot is as good as 





‘Fioum S—Known distribution of the war chariot In entiquity. (Atter Carl 
Bishop.) The war chariot came late: than the plow, It depended upon the 
horse. ‘The open grassland of central Buraala and the Zungurlan Gate (s00 figx 
Gand 18), nn opening in the mountains west of China, furnish an eaxy passage 
‘way for men and Ideas 





the second. Here then was another basis for an agriculture that 
could endure for centuries. 

Generation after generation of men in the Wei Valley loess had the 
advantages of permanent fertility of the soil. Meanwhile the mind 
of mun was fertilized by the arrival of cultural elemonts from Meso- 
Potamia and the steppes. Still another stream of culture elements 
came to the Sian Valley from India, by way of the Burma Road, 
‘Sinologists say that fowls and rice were early arrivals over this route. 

Besides the fertility base of lorss vouchsafed by nature, the farmer 
adopted two fertility measures whose effectiveness is unrivaled by 
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anything outside the three great valleys ‘The Chinese method of 
cultivating rice in the paddy elds conserves soil perfectly, and adds 
a touch of fertilizing mud. ‘The other fertility device is that of col- 
leoting human excrement and returning it to the land. ‘The Chinese 
lave systematically applied this device for many centuries. It is 
well-nigh impossible to overestimate its importance as n means of 
support to Chinese civilization, ‘Thus, fertility, enduring or pre- 
served, stands out as the basis for the development and endurancs of 
the Chinese civilization. These factors gave to these people the 
combination of time and continuity similar to that which accompanied. 
the rise of cultures in Egypt and Mesopotamia, 

The Chinese received many culture aids from the outside, but they 
devised their own system of writing and made many important inven 
tions on the basis of their own native wit and the stimuli from the 





Pioune 6—The Bursolnn grusstind, as chown by Meckinder tu “Democratic Ideals 
‘und Reality,” Henry Holt & Company. Note. the wenle of miles. 


Near East and India. China may be regurded as one of three subse- 
quent cultures that leaned heavily in their beginnings on culture ele- 
ments from the three grout irrigated valleys. 

Culture elements traveled northwestward ns well as northeastward 
from the centers of its beginning. Between 2000 B. C. and 1400 B, C. 
tho Islind of Crete wus one of the most highly civilized places in the 
world, ‘There is evidence that the people of Crete learned trom the 
peuple of Mesopotamia by way of Anatolia und the stepping stones 
furnished by the Aegean Islands, Knowledge also must have traveled 
by direct voyages to Egypt, only 340 miles distant, there is 60 much 
ovillence of interehunuze between the isle and the Nile, 

‘Thi Aegean culture was spreading from istand to island, and hid 
produced the famous cities, Ticyne and Mityfene, on the mainland of 
Greece, whose cultttral remains, so unlike those of the Classic Greeks, 
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were longa purzle to archeologists. Knossus, the ornate and learned 
capital of Crete, was destroyed about 1400 B. C.,noarly 3,400 years ago, 
but that date was more than 2000 years after the Sumerians had 
doveloped complicated civilization und were fling away its amazing 
recotls on their durable tablets of clay. 

While culture was spreading outward from its places of origin 
something was brewing in the grasslands of central Eurasin—that vast 
\inbroken plain that stretches from the Carpathians to the Altai and 




















Fisuxk7—The question marks suggest tho area, tinlts unknown, tram which the 
‘grassland poured out tte surplus yons upon thelr migrations, eo destructive tr 
‘tio navanced eultores of the three yalleyx (Huse map copyright by Rand 
McNally & Company, Chicago.) 


‘Tian Shan, and from the Caucasus and the mountain rim of Iran to 
the Great Northern Forest. 

This vast grassland wus an inhospitable'area for the Stone Age man 
before he had domestic animals, ‘There was grass, of course, on most 
of its extent, and flect-footed zane, But wood and natural shelter 
‘were scarce exept along the mountain and northern forest borders 
and along the banks of the few streams that crossed the plain. ‘The 
patch farming of Stone Age man was largely limited to these spats 
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in the vast plain, such as the banks of ths Oxus, Syr Daryn, Don, 
‘Volga, and other rivers that were favored with wood, water, and 
possible garden patches, 

‘A new und very different era began when the man of the plains got 
sheep, goats, eattle, and, lastly, the horse. ‘The steppe people domes- 
ticated the horse (E. A. Speiser, of tho University of Pennsylvania, 
concurs), and it became thoroughly integrated into every feature of 
the lifo of the people of the steppes, A new foree, a new dynamic 
had appeared upon the Eurasian scene—the man on horseback. “Hore 
yas revolution. It upset the affairs of man and was far reaching in 
its effects, Indeed, the man on horseback has had but two analogs in 
human affairs—steam transport and the airplane, 

Carl Bishop, of the Freer Gallery of Art in Washington, says that 
the Indo-European languages were developed by these horse-using 
people on the steppes somewhere in southeastern Europe or south- 
western Asis, Ho further states thut these people whom we call Indo- 
Europeans had the word for whecled vehicle before they separated 
into eastern and western groups. Louis H. Gray conenrs. 

‘These Indo-Europeans of the steppes and the horse-using Turanians 
‘who appeared later in the same urea, have profoundly influenced the 
history of Europe and. Asia, both as spreaders of culture and as de- 
stroyers of states and civilizations. It is as destroyers that they made 
their conspicuous contribution. 

‘The grassland nomad lives by flocks, tho flocks live by grass. Ani- 
smals must move to obtain grass, and man must move with the animals. 
‘The nomad has mobility—here today, gone tomorrow—and mobility. 
ise very important fuctor in warfare, It is also a sad fact that the 
grassland can produce more men than it can feed. ‘Thus there exists 
the expulsive force of hunger. These factors make migration so easy a8 
to be almost a part of the social organization. Many will be familiar 
with Ellsworth Huntington's thesis, to the effect that periods of 
drought and scanty grass made an expulsive force that sent Central 
Asian nomads to overrun surrounding lands, Farmer peoples living 
east, west, and south of the Eurasian plains had abundant and oft- 
ropeated cause to mourn the fact that such # region ns the Eurasian 
grassland existed. 

About 2000 B, ©. bands of nomads from the steppes began working 
their way around the western end of the Black Sea and southward 
throngh Thrace and into Groces. ‘They were shepherds accompanied. 
by their flocks and with rude carts loaded with household goods and 
drawn by oxen, These people Iuter became the ancestors of the Classic 
Grecks. By 1400 B, C., or in about 600 years, these shepherd migrants 
had learned from the more cultured Aegeans to build ships, Tn their 
ships thoy sailed to Creto and conquered it. ‘These barbarians burned. 
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the palaces, libraries, and temples of Knossus. Those of the learned 
and cultured Cretans who could do so fled in ships to tho still eivilized 
shores of Asia Minor, Syria, and Egypt, 




















Fwowe &—Loulu 1. Gray. epeeialiat in the originw of languages, presenta thie rap 
‘to thow the locations of various groupe of Todo-Buropeans after they had séiRed 
thelr lands in tbe platea of Iran and ‘Trkestan, 1, Porsjane; 2, Medoss 
8 Margians and Bactrians; 4, th oft-teaverned route to Thdiay 5, Deanglasiana 
fund Angchorians; ( Carmaniane; 7, Gedrosiaan; % Hyreunlane; 0%, Lndo- 
Buropeni homeland before dispersal, Note the present botndary of Tran 
(Persia). 

1, Tebrany H, Herat; Af (west), Mesbed ; Af (abt), Mere; B, Bukhara; A. Dy 
‘Aunt Darya 







‘Whilo the Grooks in the second half of the first millennium B.C. 
were driving civilization back toward its conter, others of tho Indo- 
Europeans of the steppes had passed north of the Caspian Sea and 
entered the plateaw of Iran. They lingered there for generations— 
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long enough, accoriling to Prof. Louis Gray of Columbia University, 
to produce the literature known as Vedas. ‘They then divided, one 
group went southwestward into Mesopotamia and the other southeast- 
ward into India. ‘This common origin in the steppes explains the 
remarkable similarity of the Greek and Sanskrit 

Beginning about 1200 B. C, many waves of these Aryans went into 
India. ‘They overwhelmed tho Indus Valley cultures. Prof. Walter 
Von Brunn, of the University of Leipzig (Science News Latter, Feb, 
19, 1938), pointed out in 1938 that the remains of Mohenjo-daro, 
Chanhu-daro, and other Indus Valley cities of 8500 B, C, hind no signs 
of having had walls or other fortifications, From this fuct he inferred 
that cortinuous peace prevailed in the era before the eruption of the 
horseanen from the steppes. Perhups this was the Golden Age. 

‘These cities on tho Indus plain had houses of yell-burned brick 
‘The present inhabitants of this area live in mud villages. Fifty-five 
hundred years ago Mohenjo-daro, built of brick, had sewer system 
‘equal to that of Pompeii und other Roman cities that were built more 
than 3,000 yearns Inter, 

‘All this’ tho northern invaders dostroyed—destroyed it so coms 
pletely that we only learned of its existence by accidental discoveries 
in the twentieth century. Imigine if youcan the thoughts and feol- 
ings of the cultured people of Mohenjo-daro as theso early Nazis 
destroyed a city that had stood for centnries in pouceful prosperity. 

India received many waves of those new raw men from the steppes. 
Asa result Indo-Buropean languages prevail today over Iarge areas 
in northwestern India. ‘Tho other results of these migrations can 
be observed today by anyone who passes northwest, from southern 
India to the Khyber Pass and observes the gradual chango in the 
color of the skit of the iuliabitants. ‘The color of native skin is black 
in southern India, white in the Khyber Pass, with various shades 
botwoen, 

‘Tho culture that originated in the warm and fortile valleys spread 
eastward. to China, westward to the Aegean, and lio, at an early 
date it spread northward to the highlands of Iran and Armenin 
where, as in China and in Crote, a civitization arose in part on bor- 
rowed culture elements, 

Tn tho third millennium B. C, non-Indo-European peoples in what 
we now call Armenin had considerable culture, with cities and 
written Ianguage, Babylonian colonists settled among then, and 
the Mesopotamian cuneiform characters were added to their writing. 

arly in the third millennium there came among then: » migra- 
tion from the steppes, “an Indo-European conquering people called 
by us ‘Hittites’ The invaders stayed, learned, increased, and mude 
an empire. Recent excavations show that Hittite scholars mastered 
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six languages and were in “no way inferior to the Babylonians and 
Egyptians” (Encyclopaedia Britannica). Hittite armies conquered 
Babylon. 

‘Tn 1685 B, C. a band of people called Hyksos, whose leaders are said 
hy Speiser to have come from Turkestan, organized an army in the 
Hittite area und proceeded to conquer Egypt. This expedition took 
the horse to Egypt for the first time. The horse-drawn chariot of 
the Hittites was an early kind of “blitz” warfare, It overwhelmed 
the Egyptians, perhaps with the aid of better bronze for the cleaving 
of skulls. 

At this point in our narrative the record stands as follows: four 
civilizations—Crete, Indus, Mesopotamia, Egypt—overrun by the 
horse-nsing Indo-European barbarians from the steppes. It was 
indeed fortunate thnt the seed of civilization was not destroyed by 
these conquests, 

‘The Hittite empire fell before the next wave of Indo-Europeans, 
horsemen from the steppes. These were called Phryginns. ‘These 
horsemen entered Asia Minor by way of the Hellespont. Like the 
Greeks, at Knossus the Phrygians destroyed so well that it was only 
Atm rocent date that we knew much about them, and only in a very 
recent day that scholars deciphered the Hittite writings, Fortunately, 
these people wrote on bricks of clay, rather than the perishable and 
ephemeral rubbish on which we write #0 voluminously. 

‘This episode of the Hittites can almost be considered the West 
Asian history cycle type, a type that is repeated through several mil- 
Tenia. Witness its operation in another group—the Seythians, 

Herodotus described the Scythian (sometimes called a tribe of 
Cimmerians) as being nomads of the steppes north of the Black 
Sea, The Seythians followed their flocks on the open steppes in the 
summer, back to the shelter of the wooded stream banks in winter, 
‘Tho men rode horseback with their trousers—a steppe invention— 
tucked into their boots—another steppe invention. The women rode 
in wagons, ‘The details of their life sound strangely like those of the 
present-day Kirghiz of Central Asin. Horse flesh and mare’s milk 
were standard articles of diet. The abode was a tent of felt. 

Tn the seventh century B. ©, there was much movemiont of peoples 
on the steppes. “The Scythinns overrun and frightfully ravaged 
wide areas of Contral Asia and Eastern Europe” (Bishop), Some 
crossed the Hellespont into Asin Minor, which they ravaged, and 
where they stayed for a century. Some went somewhat farther east 
and doveloped a kingdom in Ecbatana, within the present kingdom of 
Tran. ‘Thus strengthened, refreshed, and multiplied, but still full of 
the barbarism of the plains, the Scythians harried the Assyrian king- 
dom, destroyed Ninevah and other cities, and advanced to the gutes 
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Proves 10 amp 11.—Thie record from an old Cisse tile tells wa why tho Chinese 
built the Great Wall. A pew blitx hud come from the gransiand. Tho hore 
fnian with the twrorpleee bow seetis to have been well nigh (rrestatiblo on open 
and, hance the wall. (After Carl Bishop.) 





372 ANNUAL HNPORT SMITHSONIAN INSTITUTION, 1 


of Egypt. The Scythians then disappeared from history—probably 
absorbed. But note the evolutionary steps, A horde of nomads had 
left the steppes, harried the plateau. ‘They tarried for a few gen- 
erations, Almost surely their numbers increased, and they mustered 
strength in that land of better pastures and scattered oases. Thoy 
then moyed on to n career of conquest and rapine in the fat lands and 
rich cities of the plain, ‘Then the melting pot absorbed them. ‘That 
4s the cycle. It occurs and recurs through nearly 8,000 years B. C. 
and plenty of times later. 

‘The exploits of the Medes and Persians und of the Macedonians, 
conquerors all of Babylonia, fit closely into this pattern, The horse, 
the most spectacular contribution of the steppes, les played a curious 
and striking part in man’s affairs in Eurasia. Bishop thinks that the 
Soythinns may have boen the first effective cavalrymen, Armed with 
8 compound bow, which seems to have been an invention of tho 
north, a cayalryman vould ride citcles around a charioteer, Hence, 
the use of chariots in war declined in the Near East after the Assyr- 
ans, in the ninth century B. C,, adopted cavalry from their enemies, 
the Scythians. 

Man's experience in learning to use the horse serves to illustrate the 
stupidity of man rather than his cleverness. Perhaps mont 
havo thought of tho horse in ancient history as a beast of burden, 
drawing the plow, the cart and the wagon with supplids for home or 
the army, with gentlemen and generals riding on comfortable saddles. 
Not #0. Tt is now known that the first important. use of horse in 
harness in the Near Enst wi thousand yenrs at the war chariot. 
For this service it was speed that counted, not ability to draw heavy 
loads. 

















‘The chariot was distributed to Trelund and Korea between 2500 and 
1000 B. C. After centuries of using the chariot as an instrument of 
warfare men began to fight from the back of the horse. But it was 
more centuries before the stirrup was invented, Moreaver, man used 
tho horse in harness for more than 8,000 years before « method wns 
devised whereby « horse was fastened to « wagon by means of traces. 
Only then could a horse pull with more than small fraction of its 
strength. 

The shoulders of the ox and donkey are higher than are the necks. 
‘These beasts with yokes upon their shoulders or upon the head of the 
ox, pulled the plows and wagons of antiquity. ‘The anatomy of the 
horse does not encourage yoking, Novertholess the ancients fastened 
the yoke to a band around the neck of the horse. If the horse pulled 
with » considerable fraction of his strength the band pressed pon 
the windpipe and jugular vein and choked him down. This harness 
also held his head high, but when a horse pulls a load he pute his 
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head down. Pictures of war chariots show they did not carry much 
oad, and Roman records verify. 

‘Early uses of the horse sift down to this—meat supply, mille animals, 
assistant to the herdsman, the pet of princes, for pageantry, religious 
ceremonies; and. Wa ly war, 

‘The horsoman with a two-pioce bow was the greatest “blita” before 
gunpowder, ‘This bow seems to have brought cavalry, to the fore. 
The horsoman with a lance was not so potent, ‘This bow brought 
the horse to his Golden Age, to his zenith as an influence in the affairs 











Proven 12—Tho lightly stisded! arow show the bounda of the empire of Attiie, the 
‘Hun, about A.D. 400; The heavily shaded aren xhows pret aren of Mun- 
arian language. (Base map copyright by Rand MteNalty & Company, Chien.) 


cof man, From the beginnings of eavalry with the Seythians, about 
the ninth century B. C, to the date of the effective uso of gunpowder, 
more than 2,000 years Inter, the cavalryman of the Eurasian grasdlands 
almost continuously harassed the settled cultures upon the grassland 
rim and often smashed them at will. ‘Thus the horse, the great contri- 
bution of the Eurasian grasslands to history, had soveral millennia 
uring which his relation to sedentary eocieties was not primarily in 
the field of economics, but in the field of war; not primarily at defense, 
but rather the war of offense. ‘The horse was an instrument of con- 
quest and destruction of peoples, cities, governments, and social 
organizations, 
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In the Chou kingdom in China, 1000 'B. C., the minister of war was 
known as “The Master of the Horses.” The Chous had no currency. 
‘Taxes were collected in kind, und the chief tax gatherers were known 
as “bullock drivers.” For many centuries over wide areas in three 
continents kingdoms were measured by the number of chariot they 
could put in the field. (See King Solomon.) 

‘A recent writer, Bates, emphasizes the acute shortage of power 
among the Romans on both sea and land. This power shortage led 
to the uso of the galley alave at sea and of slaves to turn the mill and 




















‘Figua 18—The extent, A.D. 70, of the caliphate, the Arab Mobuamedan empleo 
founded by Mohammed. (Base map copyright by Band McNally & Company, 
‘Chleago.) 


to do other drudgery on land. Bates alleges that Roman wars wero 
often little more than sluve-gathering expeditions. 

In the ninth century A. D., someone, apparently in France, invented. 
the horse collar and traces. A horse could then pull a load. ‘Then, 
‘as Mr. Bates tells us, horses could really work and enter the economic 
realm, Horsepower became cheaper than slavepower, and slavery 
gave way toserfdom. As mechanism improved, serfs became freemen, 
Inventions gave man equipment that permitted him to emerge from 
the slave age. At ® much earlier time inventions had ushered in tho 
Stone Age. Most important inventions change man's relation to some 
part of the earth. 
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‘The Horse, especially the horse bearing grassland man upon its 
buck, seems (o have catried destruction to ancient societies in a way 
that buggests a strong resemblance to the work of the airplane today. 


CHINA AND ITS RELATION ‘TO THE GRASSLAND. 


‘The relations of China with the grasslands of Central Asia fall into 
two epochs. In the first epoch China received culture elements, In 
the second epoch’ China received conquerors and destroyers. 

Considerably: before 3000 B; C. Babylonia had a well-developed 
culturo which included writing and « complete mastery of work in 
bronze. Babylonia also had wheeled vehicles, ox-drawn plows, wheat, 
miuny other crop plants, and all tho common domestic unimals except 
the horse (Bishop). 

‘These ia no evidence that China had knowledge of metals befora 
2000 B. C,, but 500 years later pooples ruled by the Shang Dynasty 
in tho central and lower Yellow River basin had a mature and devel- 
oped system of writing, evidently homegrown, 'Thoss peoples also 
Jud a ekilled technique for working in bronse, Bishop says, "Bronze 
Working was carried to w pitch of technical and esthetic excellenci 
hinrdly if evr equalled in later times in any and.” Much of this 
craftsmanship was undoubtedly borrowed, together with many plants 
and uninls, from the Near East, Te had taken dhe Mesopotamians 
several thousand years to develop these things, 

Before Chinese contact with the Near Bast, the Stone Age man of 
tho loosiial area on which Chinese culture is believed to have devel 
oped, was a sedontury agriculturist. Ho lived, at least for the colder 
piurt of tho yonr, in w pit house which gave unusual opportimity for the 
preservation of archeological records. ‘These pit dwellors had dogs 
‘and many domesticated pigs, As eurly as the fifth millennium B, C. 
they cultivated millet and some leafy plants (Goodrich). 

‘Therm is no sign of fortification about their villages until culture 
élements from the Nea East appear—shoep, and bronze or copper 
urrow tips ‘The need for defense had come. ‘The villages of the pit 
Awellers now have earthen walls, ‘These tillers of tho loessial Lands 
are learning wnpleasant things from the west whence they had de- 
rived so many useful things, 

‘About 1050 B, C, (nceording to Bishop), the Shangs were con- 
queredd by tho Chous, nssisted by rebellious Shang subjects, ‘The 
Chotss came in trom inner Asin—conquerors from the grasslands, 

Elisworth Huntington will sinile with satisfaction at the mention 
of tho:Chinese tradition to the effect that the Shang Dynasty came 
to its end during a perioit of protracted drought for which the king 
‘was held respansible beoutse ho neglected to observe the proper rites. 

eioa10 055 
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Bishop states that the conquering Chous had a culture much like that of 
the Aryans who inyaded India about 1200 B, C, About this time, 
ulso, other outsurges of steppe peoples went into Europe, southwest 
Asia, and Egypt. 

Shang refugees fleeing before men from the grassland earried their 
culture eastward and southward to outlying regions hitherto bar- 
barous. This oft-repeated process of culture spreading is now being 
again repeated as the educated Chinese from the westernized east 
coast of China move their colleges and industries to the conservative 
western uplands to escape the Japanese destroyer, 

In the first milleunium B. C. this process of grassland invasion and 
eastern culture dispersal was repeated several times. ‘The unitica- 
tion of many kingsloms into one Chinese empire is commonly attrl- 
buted to the fnct that about $00 B. C. one of the western kings adopted 
anew technique of warfare from (he barbarian enemies of the steppes. 
‘This was the mounted bowman with the two-piece bow (fig. 11)—an 
irresistible blitzkrieg much superior to the lumbering chariot, the 
preceding blitz, 

‘The Great Wall of China rose as a tribute to the marauding horse- 
men of the steppes. One might almost say it is a monument to the 
horse. This, the greatest structure in volume reared by man, wis 
built steadily during the seventh, sixth, fifth, fourth, and third 
centuries B. C. and often thereafter even as late aa the middle of the 
eighteenth century A.D. Although the wall was designed to keep, 
the nomad of the steppes out of the farmlands, it was only « limited 
smiocess as ig shown by the conquests of China by Tatars, Mongols, and 
Manchus. ‘These cavalrymen from the steppes could conquer China, 
‘They spread terror and rapine and made periods of chaos. The con- 
querors established dynusties. The dynasties melted away, ‘The 
Gront Wall still remains, 1,400 miles of it, in varying degrees of decay, 
or rain, But the nomad conquerors that rode through the wall in 
shouting triumph have disappeared completely, having been absorbed 
by tho great mass of the Chinese people, Meanwhile the Chinese 
poasint still keeps on with his not yet so greatly modified neolithic 


ROME AND THE NOMADS FROM THE EAST 


‘The unfortunate experiences of the late Roman Empire with the 
seminomadio Germans and the Huns (Turaniaus, not Indo- 
Europeans) of Asia and Mongolia are» standard part of school his- 
tory. Bands of marauding horsemen, recognizing no law but the 
Power of conquest, came out af the land north of the Black Sea, 
crossed the Danube, harried without mercy the eastern empire and 
collected tribute from Byzantium itself. Eastern Goths, Western 
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Goths, Vandals, Huns, Alans, Bulgars in turn punished the provinces 
of Rome both east and west for having been prosperous enough to 
produce matorinl worthy of pillage. 

‘The Bulgars remain ns a name—their language has been absorbed 
by that of the Slavs whom they conquered and tuled. ‘The Alans melted 
way ns did tho Soythians in the fat lands of Mesopotamia a thousand 
years entlier, and as the Mongols did in China a thousand years later. 
Many of the Huns of Attila’s empire merged with the conquered, but 
‘ong group went back to the grasslands of south Russia. Some 400 
‘years later they returned to the plain of Hungary, where today they are 
the only remaining citadel of their language. 


‘THE ARABIAN GRASSLAND EXPLODES 


‘The seventh and eighth conturies of the Christian era witnessed the 
entry of the Arabian grasslands into the history of Eurasia in a Inrge 
way. It-was not the first time that Arabin had played x part in the 
history of lands beyond ita border, One of the first recorded conquerors 
of Mesopotamin was Sargon the Akkadian, 3800 B, O. Sargon was a 
Seinite, presumably from Arabia, Arabjin is regarded as the original 
Semite nest, 

In Roman times succeeding gonerations of Atab horsemen harried 
tho Roman Empire. As tho seventh century A. D, opened, Arabia was 
political chios of independent onsis settlements and endlessly 
‘quarreling nomad tribes. 

‘A gonius speared upon the scene in the person of Mohammed, who 
preached patriotism and religion, He used the sword to ndvance his 
precepts and when he died in A, 1D, 63 Arabia was united. 

"The followers of Mohammed started a enrecr of wider conquest. ‘Tho 
‘Arab horsemen and camelmen rodo east, west, and north. In a few 
‘years they had conquered Mesopotamia, Persin, Syria, Palestine, and 
Egypt. In less than a century they hnd crossed the Ganges and the 
Pyrenees, conquering all the lands between. ‘Theit defeat at Tours in 
France in 732 by Charles Martel, who drove them back into Spain, is 
one of the very important turning points of history. 


‘THE MONGOLS AND THE TATARS 


‘The eruption of the Arsbs from their grassland was unrelated to 
simnilar happonings in the greater grassland of the present Russian do- 
main. The central grassland of Eurasia kept on producing horses and 
men and marauding. Tn the ninth century a Russian chronicler re- 
corded one of their mang pillaging raids. “Whence they came," bo 
Jamented, “God only knows, and whither they went, God only knows, 
but while thoy were hore they were terrible.” 
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Unfortunately, Inter eenerations of eastern and southeastern Euro 
peans knew more than this about the Mongols and the Turks. These 
‘sons of the grassland canie and remained to rule, 

‘Genghis Kahn (Perfoct Warrior), 1162-1227, s0n of a Mongol chiet- 
tain, was a supreme genius. He was probably the greatest caval 
that ever lived. In 30 years Genghis the Cavalryman spread his em- 
pire eastward to the Yellow Sea and westward to the Adriatic and 
the Baltic, Medieval Europe salved its sore vanity by saying that 
Genghis overwhelmed by myriad numbers. Not so. He won by disci- 




















Pioowe 14.—"Tho aroa with NE-SW. stinditig shows the Mosigol empties, A. 1.1300, 
the largont block of land ever ruled by one organization, ‘The area with 
NW-SE. shading 46 the area ruled by ‘Tamerlane, bowtfal of hie yyramid of 
70,000 huinan skull (Bare rasp copyright by Rand MeNally & Company, 
Chicago.) 


plino, strategy, and tnctice, He was a master of speed. ‘The armies 
he defeated were usually much larger than his own, but he nd more 
men at the point of combat than had the enemy—"Tho mostest men 
there fustest” (Forrest, ©, 8, A.). In one forenoon Genghis left 
70,000 Europeans dead on the plain of Hungary, and then “reduced 
throes quarters of Hungary to ashes.” 

It is reported that the strategy and tactics of Genghis Kahn have 
‘been most carefully studied by Hitler and company in five different 
compendious reports. Equipment may change, but the effectiveness of 

remains. Genghis 


strategy and surprise seems to have been a true 
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Nazi, He softened up prospective vietims by propaganda, got infor- 
tation by spies; and attacked because he thought ho vould win, De- 
tails of his equipment and effective methods stand in reference books 
for those who wish to read them. 

"These Mongols conquered cities but: camped without, in tents, as 
nomad warriors should. As he walked througly a gutted Russian 
city n Mongol warrior kicked a bag of gold coins out of tho way, re 
marking as he walked on, # heap of good it did him.” 








Prone 16.—Arrows show the trall of the Ottomin Turks out of Central Axl 
tuto Tran and Anatolia, Shaded area Iv Ottoman empire wt tte peak, 1688. 
VeVienna, T="Tours, We highwater mark of Tsinm in western Europe, A.D. 
782 


It is said that Genghis! generals urged him to cloanse North China 
by mussucring tho millions of agricultural human yermin who in- 
hnbited it, Genghis suid “No,” but his successor slaughtored the 
entire population af Baghdad, perhaps some 700,000 in number, 

Tf Russia has been somewhat backward in comparison to ome other 
‘Buropean countries in recent, generations, wo should rumember its 
completo submergence beneath the Mongol horde nesrly a thousand 
yeurs after the Roman Empire had its somewhat similar but less 
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thorough destruction at the hands of mobile horsemen from the steppes. 
Parts of European Russia are still inhabited by several groups of the 
descondants of these Mongoloid Asiatic invaders. Their numbers run 
into millions. We might call them, and the Hungsrians and the 
Finns, Asia's return for the settlements of Indo-Europeans in south- 
western Asia. ‘The Turks continued this reciprocity with ferocity. 


THE TURKS 


‘The Hwang Valley seems to have been the center of peoples who 
ure called Mongoloid. Central and north central Asia was the center 


Ae Ree 
Eames 


Prutee 16 
sisi aren shows Reel eongueste tn Asia sloce 1090, Gur 
for peoples called Turanian, The names Turki, Turcoman, or Turle 
have been variously applied to a dozen or more ethnic groups living 
west of the Great Wall and close kin to Mongol and Hun. ‘The mo- 
bility of these horsemen of so-called Turkish stock was so greut that 
inn short period they were to be found at Lake Baikal and also in 
Morocco, 7,000 miles distant. When the Russians took Merv less than 
100 years ago, the Turcomans of the nearby steppes were known by 
their neighbors as “the man-stealing Turks.” 

‘The Turkish group that conquered Constantinople has repeated 
the southwest Asia historical eyele with variations, They came from 
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‘Turkestan, crossed a cornor of Persin, and settled in Asia Minor, 
‘There they increased, organized, and crossed the Bosphorus. Pass- 
ing the walls of Constantinople the invaders established themselves 
in southeustern Europe in the early 1900's. After generations of war 
they took Constantinople in 1453 and extended their empire into 
Hungary and south Russin, In 1683 the Turkish siege of Vienna was 
raised hy Jolin Sobieski, of Poland. 

Lf you look at the map and Jocate Tours, the northerimost limit of 
tho Arab invasion, and Vieuna, the westernmost limit of the Turkish 
invasion, you will seo that Christendom has been subjected to. men= 








Yorwur 17—Human overilow from northern and southern grasslands, nx shown 
hy Mackinder in the book "Desmoeratle Ideals and Reality," Hwnry Holt & 
‘Cimpany, Sraall wonder that Mesopotatnta, onco eo fruitful, has lain Almont 
lo aud nimost empty for couturtes nnd centuries. 


acing pincers movement, Fortunately, the different sides pinched in 
different centuries, 

TE anyono is inclined to criticize the Balkan peoples for some cul- 
tural, or especially political, shortcomings, let him remember that for 
£100 years (1926-1878) the Balkan peoples were subjected to the tyran- 
hous misgovernment. of the Turks, from which they but recently 
exeaped. 

During much of thik long era of Turkish rule there was something 
Tike guerilla warfare here and there in the broken area we call the 
Balkans, In such a timo mon think of chieftains, leaders, not such 
abstractions ns democracy, In 1043 and 1944 we heard much about 
Mihuilovitch and ‘Tito—two more chieftains. 
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At the close of World War I, Michuel Pupin, » Serb, and distin. 
guished physicist of Columbia University, was the head of many 
Serbian organizations in this country. When Woodrow Wilson, at 
Paris, was big in the Europein news, Pupin remarked one day, “I 
don't want a college professor, T want a king and a hero,” 

‘The Turk ruled a wide empire of many peoples, but wus able to 
estublish his language only in Anatolin. 





Fauve 18—Topography und routes of conquent und migration, Notw the Zan 
Furlan Gate, opening a marauders rond frous grassland toward farmlands. 
(Prom Macklrider, “Democratic Tdenls nnd Toality," Heury Holt & Company.) 
‘The second rorite frome thw eft tw the Ktiyber Piss. No ove kuows the nuinber 
‘of bands of milgtants, marauilers, dr orginived aruiloe that have marched 
through that very favorable opening in the mountaly wall, ‘There were ose 
of Alexander, Tamerlane, and Goorge V. Today It has a strategic railway, 
fund bristles with plllboxes perched high aloft on many commanding billK, 


‘RUSSIA TAKES ‘THE STEPPES 


Gimpowder with muskets and cannon ended the career of the horse- 
men of the steppes after un undisturbed independence of unknown 
duration, and after about 4,000 years during which the horsemen oyer- 
ran almost nt will their more civilized neighbors on tho east, south, 
and West. Tn 1560 the Russians with muskets, eannon, and wagons 
crossed the Urals. In 800 years they subjugated the wholo of central 
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Asia nnd all its horsemen right down tothe mountain walls of Persia, 
stun, and the outer provinces of the old Chinese Empire. 

‘The tables were turned, ‘The mobile grassland horsenun found 
himself dominated by 4 machine-using sedentary man from beyond 
the grassland border, 

At is interesting to contemplate the almost unchanging continuity 
of two culture types: Enst of the Great Wall, in thie good farmland 
of tho Chinese plain, thw man with the hoo, the mud village, the brief 
temple, ‘Chis man was, and is, » peace-loving creature untempted by 
the lure of conquest, praying to be Jet alone in his garden, Instead 
he hus been the victim of oft-repeated pillage, 

West of the Great Wall the grassland man, riding « horse, living in « 
tent, menaced by perennial uncertainty of supplies of grass andl water. 
His temptation to maraud was strong und oft-repeated. ‘The mobile 
existence of the grussland man made it easy for him to raid and pillage. 
‘Tho grain bags of thy man with the hoo offered an easy objective, 
"Thus, for 4,000 yoars grassland culture changed but little and the raid- 
ing nomad never coasod his attacks, Almost any year cavalry could 
muster on the plains and in irresistible numbers appear unannounced 
in the farmland beyond the mountain, ‘Thus civilization after civil- 
ization and empire after empire developed in the farmlunds und fell 
before the man from the grassland, 

Grassland society permitted and encouraged military power, often 
unlimited except by the hits and fancy of him who wielded it, Temp- 
tation to yield to the power lust was more frequent in the grasslands 
than in other environments, ‘The power Iust is unique among man's 
desires. ‘The gratification of the desire for food, drink, sex, the ploas- 
ures of the chase, of workmanship, of tho intellect, of creative art—the 
exercise of all these lends to satiety and slowp. But in terrible contrast, 
tho Inst for power grows by gratification. TL runs away with the 
human spirit. At times it unbalances the mind. ‘The Romans with 
the pitiful record of emperors before them had « word for it—“Impe- 
vin! Madness.” 

History furnishes overabundant illustrations. ‘To read “Mein 
Kampf" and contemplate the actions of the Nazis proves the present 
and continuing menace of unchecked power. The dangerous thing is 
that the power lust is born in all individials. Tt is even shared by 
some of the qu peds, 

Tf the turbulont history of the Eurasian grassland has any mesage 
for this generation of men it is an imperative command lo so orgunizo 
our affairs that no race, nation, or group can get into a position of 
unlimited power over other large groups. 

Gunpowder and the railway reduced grassland man to impotence. 
‘They made him the vassal of the man frym outside whose machinery 
could outrun the horse and ontshoot thy horsenan’s bow or rifle, 
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‘But what about this Burasian grasstand as a stage and base of opera- 
tions in the world of tooth and fang, but equipped also with plane and 
bombt 

Mackinder pointed out at the end of World War I that land-based 
air power would soon make the Mediterranean untenable to any kind 
of shipping. Here he showed himself » most true prophet. History 
has vindiented Mackinder. It has also vindicated Woodrow Wilson's 
dictum that if any people or nation is not sufe, no nntion is safe. 
Immensely strengthened is the argument for world organization to 
outlaw war. If our intelligence is any greatar than that of the sheep 
or the cow we will strive for international organization that is 
equipped for: 

1. The removal of international tensions before they make 
explosions, 

2. The treatment of any war as we treat smallpox and rabies. 


‘Sitbaion Regn, 184 Sith PuaTe 
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SOUTHERN ARABIA, A PROBLEM FOR THE FUTURE* 


By Cantzron 8, Coox 
‘Harvard University 


INTRODUCTION 


‘The one corner of the Asiatic continent with which archeologists, 
ethnologist, and physical anthropologists have concerned themselves 
the least, for excellont reasons, is southern Arnbia, ‘This pardonable 
oglect. stands in inverse ratio to. the region's natural appeal and 
interest, ‘The whole Arabian peninsula, from one standpoint, forms 
one of three vermiform appendices dangling from the main mass of 
‘Asia into tho Indian Ooean: Arabia, southern India with Ceylon, 
‘and the Malay Peninsula, have all three served as culs-de-snc to old, 
discarded, and forgotten fragments of humanity, pressed out of eircu~ 
lation by the movements of more vigorous and more eivilized groups 
to the north, ‘The parallel between southern Arabia and tho other 
two appendices is clear. ‘The primitive Bedawin of the Hadhramauty 
who form the substratum of that country’s population, and the non 
‘Arabic-speaking natives of Mahra snd Dhofar, serve as the western 
‘counterparts of the Vedda, the Semang, and the Sakai. 

But there is another facet to this comparison. Just as the brill 
Sinhalew civilization flourished in Ceylon, just as the Mon-Kiuner 
civilization reached sculptaral heights in the jungles of Cambodia 
and Siam, and Hindu culture was carried over into Sumatra and Java, 
so southern Arabia as at the same time played a second role, that of 
‘hothouse of high orienta! civilization in antiquity. Here flourished 








Tiibe purpose of the author tn writing thie paper tte eummarioe the sntsting taforma~ 
lon, avallehle tr him, cobenraing the prehlitory, axcheology, and ethnoloay of the pet 
tions Br Arabia ijlug woth ot the twrantieth parallel, erpecialiy the kingdom of Yemen anil 
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the famous kingdoms of the Sabseans, Minacans, Katabanians, and 
Hadhramautis, whose splendots were immortalized by the biblical 
account of Solomon and the Queen of Sheba. Under the encroaching 
sands of the Empty Quarter lie the feet of splendid temples and lofty 
skyscrapers, ubandoned to the desert after the breaking of the Marib 
dam, and the shift of the frankincense trade from the overland route 
to the sea, 

‘The poninsula of Arabia can handly be called a unit. ‘The Empty 
Quarter, probably the world’s largest stretch of sheer and utter desert 
without oasis and without relief, acts as the center of a ring, about 
which are set the Arnbian kingdoms, like jewels of different hue and 
fuster, The Empty Quarter divides these kingdoms as no sea could, 
for one can sail across seas, and some, such as the Mediterranean, 
and the Indian Ocean, have acted in history as highroads rather than 
as barriers, There is no barrier so grest as a complete desert. ‘Tho 
Empty Quarter may be crossed by camels and haz bean so crossed 
over Tong periods of time; this has been proved by the personal ex: 
perience and inquiries of Bertram Thomas. Such crossings, how- 
‘ever, are extremely exceptional, and most of the inhabitants of Arabia 
today entertain only fabulous notions of the actual character of this 
extensive waste. 

‘Although it. would please exponents of pan-Arabian solidarity to 
think that all the Arabs in the whole peninsula and elsewhere form a 
racial und cultural unit, the tenth is quite the opposite, Arabian 
unity north and west of the Empty Quarter may well extend into Syria, 
Imig, und North Africa, but south of the great desert the vermiform 
appendix plays its retentive role- Here, small, ringlet-haired men, 
painted blue, swear mighty oaths over the tombe of Jnun, mille their 
cattle, sleep in caves, and initinte their sons in mass ceremonies of an 
Australoid character. ‘These men aro not Arabs in the modern, Islamic 
sense; they are the survivors of an earlier age, 

Southern Arabia muy be divided geographically into a namber of 
diserete units, Most insportant politically, and in reference to popu 
Jntion, isits westernmost segment, the divine kingdom of Yemen, where 
approximately 3 million farmers water their terraces and reap. their 
barley under the spiritual sanction of their Imam. he Yemin con- 
iste geographically of two main parte, separated by a formidable 
barrior. ‘The first part is the Tihama, « narrow constal strip in which 
sand dunes alternate with fields of sorghum, and occupied by a mixed 
population of Negroid serfs from Afrita and small elflike, brachy- 
cephalic men, whose racial otigin is still a mystery. ‘The barrier is a 
10,000-foot escarpment, rising sheer from the coastal plain, crowned 
bym range of castellated peaks, and folded and eroded into countless 
valleys, 
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‘This escarpment has been almost completely terraced by man. Onit 
grow cropsof luscious fruits, various ‘utd grains, and the entire supply 
sete ncnids frost grads of coffee, Beyond the esoxrpment strelahes 


ere 
fa vast upland plateau, sloping gently eastward end draloot into the 
Wady Hadhramaut and the Tndiun Oves, From the edgo of the 
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their living by exploiting the natural mult deposits situuted near the 
great city-sites. 

‘To the east of the Yemen, and to the south of the westernmost exten- 
sion of the Empty Quarter, lies the famous region called Hadhramaut, 
country whose size diminishes as one approuches it, ‘To the outsider, 
the Hadhramaut comprises most of Arabia east of Aden, west of Mahra, 
and south of tho desert, To the Hadhramis themselves, it includes 
oly the narrow valley which bears its name, and the string of towns 
built along it. ‘The Hadhramaut, like the Yemen, is the seat of intense 
agricultural activity, but in a much more restricted sense, since only the 
river valley and the beds of its tributaries are actually productive, 
while the nearly dennded monntain region lying between the valley 
and the sea is used for camel pasture and the passage of caravans, 
‘The sea const of the Hadhramaut is a negligible geographical expres 
sion, since the clifls which hem in this valley to the south arise almost 
ireotly from the water. 

East of the Hadhiramaut lies what is, to most ethnologists, probably. 
the most interesting section of southern Arabia, ‘This is the half moon 
of Dhofar, « small constal plain hemmed from behind by the Qara 
Mountains, against which the full force of the Indian monsoon unloads 
seasonal rain in abundance, Dhofar alone retains thu damp tropical 
climate which, the geologists tell us, at one time characterized the 
whole southern strip of Arabia. In Dhofar survive mangrove 
swittps, miniature jungles of tropical palms, and on the slopes above 
the plain, an abundance of those small, fleshy bushes from which are 
bled the frankincense tears so greatly prized in the ancient world. 
Tn the highlands behind Dhofar survive pre-Arabic Semitic lan- 
guuges;* and a cattle culture comparable to that af the Toda of India 
on the one hand and of the Bast African Hamites and Bantw on the 
other, as well as certain customs and practices of a very primitive 
character, 

When we leave Dhofar we enter the domain of Oman proper, but 
we are no longer in the strict sense concerned with southern Arabia. 
The bull: of Oman is situated in a latitude north of Mekka, and even 
with that of Medina. Except for the alleged Negrito strain in the 
population of Cape Musindam, its relationships are primurily with 
the valley of Mesopotamia and with the coast line of Iran. Southern 
Arabia, in the strict sense of the word, cannot be said to extend 
north of the twentieth parallal, 





PREBISTORY 


‘There can be little doubt that, during parts of the Pleistocene period, 
southern Arabia enjoyed a much more felicitous climate than it does nt 
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present. ‘The Empty Quarter, after all, is nothing but an eastward 
extension of the Sahara, a part of the general belt, of arid uplands 
extending across vast expanses of Africa and Asia. Since the elimatio 
history of the Sahara is now partly known, it is possible to reason by. 
analogy with some hope of justification. 

During the Pleistocene, a number of pluvial periods turned the 
Sahara, at alternate intervals, into a great plain of grass and park- 
lands, drained by huge rivers which carved its deep wadies, now water- 
ess and denuded, into sculptural masterpieces of erosion. Tn south- 
ern Arabia, the size and volume of the dry river courses bear evidence 
that the same process'took place here as well, and that during these 
periods of nbundant rainfall the Empty Quarter itself formed a 
grassy plain of lesser size, offering food and shelter to herds of rumi- 
‘nant mammals, and to man, 

“Aftur the last pluvinl maximum, Arabia, like the Sahara, began to 
dry out. ‘The abandonment of Marib, the gradual disuse of the ter- 
races along the Yemen esearpment, and the turning of the northern 
‘Arabs to pastoral nomadism with dependence on the camel, may all 
have been secondary manifestations of this increasing desiccation, 
and we have no evidence that the drying-out process has yet come to 
an end. Arubin today holds somewhat less than 6 million people. 
Five thousand years ago, when agriculture was already old but lit- 
erate civilization new, Arabin might presumably have held twice that 
number, If we are to reconstruct the history of Arabia, however, we 
must turn back still farther, and postulate a time in whieh the whole 
southern border of the peninsula resembled the present, Dhofar, wnd 
in which the Empty Quarter and the regions north of it were grassy. 
plains. 

‘At that time, it is possible that Arabia was a home of human beings 
of ancestral European type, and advanced beyond their fellows in the 
gincial north, Tt is too early, however, to present this hypothesis with 
conviction, for at presont Paleolithic archeology in Arabin may be 
suid hurdly to have begun. In the Nojd, Donghty * found Paleolithic 
implements, in the form of hand axes; Henry Field, in a motor trip 
‘actoss Transjordania and the desert border of Iraq, established the 
presence of Paloolithie industries from the Acheulean stage upward, 
while Philby? in his recent trip along the southern border of the 
Empty Quarter, hus likewise discovered Paleolithic implenvuts of 
nature ns yet unstated. 

‘Miss Caton-Thompeon,* however, has. found paleoliths in situ in 
the Hadhramaut; theso are of Lavalloisian type, and poorly executed. 

Speen, 1089, 

pied, 10nd. 
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‘They soem to have been used over a Jong period of time, So far, none 
of the hand axes so typical of northern Arabia have been found sovith, 
of the Ruba’-el Khali, which was perhaps us mich of a refuge area 
in Paleolithie us in historic times, In other words, the geographical 
forces which divide northern and southern Arnbia into separate cul- 
tural entities today may also have operated as fur back in human his- 
tory ns Pleistoceno times, 

Southern Arabia may also hold tho answer to some of the problems 
concerned with the rise of the Neotithie economy in tho Old World. 
‘The Yemen highlands and the corresponding highlands of Ethiopia 
seein to be old centers of terraced sgricultuns, In Ethiopia, a number 
of unique local species of cereals have been found. So far, the Yemen 
has escaped the attention of economic botanists, but this rezion may bo 
of great interest in this connection. It is just possible that some 
aspects of the Neolithic economy may have developed in this trea, 

Mogaliths, too, aro present in southern Arabia, In his recent jour- 
noy through Acir and the desert borderland of Yemen, Philby® 
noticed the presence of eromlechs similur to Stonehenge, made of 
double concentric circlis of huge slabs of granite, with central corri« 
dors oriented to the east and west. Ho also found semiciroular pas- 
Sageways, nnd vast fields of dolmenlike tombs both with and without 
corridors. Further study on the spot will be needed to determine both 
the nge of these structures and their relationship, if any, with the 
megalithis complex in the Mediterranean and western’ Enrope. At 
present, however, it would seem that they huve a strong continuity, 
at Jeast in nn architectural sense, with the historie cultures of southern 
Arabia, 

Aside from archeology, southern Arabia may contain the solution 
of an important question in the racial field: “What tole did the south- 
ern coastal strip of the peninsula play in forming m connection be- 
tween the frizaly-haired, dtep-pigmented peoples of Afrien and 
Oceania?” In Africa the general Negroid family is represonted by 
true Negroes, Pygmies, and Bushmen, In southern Asia and Ocoania, 
from India to Fiji, one finds various kkinds of Negritos, all occupying: 
marginal areas, as well as Melanesians and Tasmanians, ‘There is 
probably some genetic continuity between the Negroide af these two 
snujor areas, nud since the fringe of southern Arabig lies in between, 
Fomie traces of whatever group served na Tink might possibly be ex- 
pected to survive, Such a survival does actually occur 

‘The population of southern Arabia, axide from the Yemen, consists 
of two major clements—Mediterrinean and Veddoid. In the Ha- 
dhramaut Valley, the agriculturists ure predominantly Mediterra- 
nean; among the Bedawin, and among the wilder tribes of the Dhofar 
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region, tho Veddoid element increases in importance. ‘There is, how- 
over, a third element—frizaly-haired, sliort-statured, round-headed, 
which occurs among sporadie individuals, and which is presumably 
Negrito, Individuals possessing these traits are not (o be confused 
with African Negro hybrids, who are well recognized and who are 
differentinted from the rest of the population. in a social sense, nor 
with Somalis. ‘The tribesmen of Cape Musandam, in Oman, are said. 
to be predominantly Negrito 

‘The tentativo identification of a submerged Negrita strain in south- 
em Arabia, which enn be confirmed only by further work on the spot, 
ends one to suggest that the connecting link between ths African and 
Oceanic Negroids may be Negrito—the only type which hoth Iniye it 
common. It is vary likely that the Negrito is an extremely ancient 
human type, as witnessed by its marginal position, and that it antedates 
in development both the African Negro and the Melanesian, which 
latter is probably a hybrid. Southern Arabia was presumably at one 
time merely w segment of the forested belt which the Negritos of the 
world occupied, and init the Negrito factor may well antedate the 
Veddoid, 

THE PRE-TSLAMIC KINGDOMS? 


When we approach the problem of the literate city-states of pre 
Islamic southern Arabia, we reach somewhat firmer, thongh still 
shaky, ground, We know that there were four kingdoms, from north- 
west fo southoast: Ma'an, Saba, Ketaban, and Hadhramaut, Theit 
capitals wero, in order, Ma'an, Marib, Tamna, and Shubwa, Of these 
four, Tana has not even been Jocated. Ma‘an and Marib were visited 
by furtive epigraphers in disguise, in the 1880's, and then left unknown 
until 1985, when Hellfritz, undor escort by the Tmam's soldiers, was 
hurried through the latter, The same adventurer also passed through 
Shabwa equally rapidly. In 1936-87, Philby spent-a total of 8 days at 
Shabwa and peered at Marib from w distant hill, 

inder these circumstances, it ia no wonder that our knowledge of 
‘these kingdoms js scanty. It is largely derived from Greek accounts, 
and from the translations of inseriptions—some copied in the vities 
themselves, others photographed and copied in the Imam’s Maseum 
at Sana'a, and still others brought out to the coast at Aden, Other 
objects in the Imam's Musoum: hastily examined by the author and by 
Dr. Sohlobies, contribute further evidence, ‘The Peabody Museum 
of Harvurd University and tho Semitic Museum of the same institation 
have small collections which await competent study. 

7 Wilon, 1928 
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Despite the paucity of information and the general lack of interest 
in this most important field, linking us it does the civilizations of two 
ancient worlds, the trade of the forger flourishes. ‘The rare visitor to 
Sana'a is besieged by dealers in statuettes und inscribed stones, some 
blatantly poor and new, others clever and difficult to detect. Silver 
coins of the Sabseans, however, are abundant, and a drug on the 
numiamatic market, 

What do these objects so far found tell us? Their surface message 
isclear. The kingdoms of southern Arabia, like that: of the Nubatue- 
ans further north, were in contact with the entire ancient world, from 
Rome to India and perbaps beyond. Objects of Roman, Groek, 
Egyptian, Mesopotamian, and Indian manufacture abound. Scarabs, 
amulets, bronze statues in the Roman manner, dragon-feet and grape- 
‘bunch ornamentation in the Syrian and Byzantine manner, and Gre- 
cian columns all witness the especial linkage of this region with the 
Mediterranean. ‘The names of gods monotonously repeated, the abun- 
unico of seated votive idols and ex votos, from phalli to oxen, indicate 
8 devotion to religion and a belief in divine cures. Animal figurines 
show humpless eattle of the long-horned variety, like those of Hotten- 
tot. and Gala, dromedaries, horges, ibexes, and gazelles. 

Bronze is the common metal, iron rare; gold and silyer are not. searee. 
Microlithic flakes of ornamental greenish stone and of obsidian were 
apparently used as cutting tools and as arrowheads, along with metal. 
Palettes indicate the great use of mineral cosmetics, as in predynastic 
Ezgypt. Statnettes and bas-reliefs show the skirt or breecbelout to be 
the common costume. The sculptural level in purely native art is 
not high enough to give us an accurate idea of the racial types 
present, except that the people were undoubtedly white, hud prominent 
hoses, and that the men wore beards. There is no reascn to suppose 
that they were any different racially from the Mediterranean Yemeni 
highlanders of today. 

‘Without question a careful stady of authentie South Arabian archeo- 
logical specimens, even those removed fram their contexts, a3 all 
those available are, could do much to solve the problem of the contacts 
nd influences of this civilization, But auch a stady is yet to be made. 
From the inscriptions, and from classical and Arabic documents, we 
may build a second picture—thnt of the ethnography of these king- 
dloms; their boundaries in time and space, their socint structures, thelt 
religious practices, nnd their economic life. With the aid of tha prodi- 
gious scholarship of Nielsen und his associates, wo will proceed to 
discuss these in brief. 

It carmot yet be determined with any accuracy when. the South 
Arubian kingdoms were first established, It is known, however, that 
Ma‘an was probably the oldest, with Kataban perhaps nearly as old, 
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While the Sabaean Icingdom was, relatively speaking, young- “The 
history of southern Arabia, ax an important conter of civilization, 
may have started, however, as early as 1900 B. C. and it, continued 
tuntil the time of Mohammed, A more conservative, but otherwise in 
no way preferable, date is 9008, C. Whichover or whatever date one 
accepts, there can be no doubt that this cultural emergence was pre- 
ceded by centuries of preliterate, in a sense predynastic, agricultural 
civilization. 

“At some chronological point between the two dates mentioned, 
southern Arabia cams into prominence as a highly civilized agricul- 
tural region, flourishing near the source of the incense trude route, 
which went up from the Hadhramaut around the western edge of the 
Empty Quarter to Mekks, Medina, and the ports of the eastern Medi- 
terranean, It also served as the principal or only route by which goods 
from India were transshipped and carried overland. ‘This trade posi- 
tion was highly artificial and dependéd almost wholly upon the sup: 
pression of the sen route up the Red Sea, When this was opened, in 
the second century A. D, the kingdoms of southern Arabia fell, and 
the country lost its importance to the world. 

‘Of the four kingdoms, Hadhramaut alone produced incense, which 
also came from Dhofar farther enst, ‘The other three lay:on the trade 
route and sorved as curviers, thereby collecting their *cuts” from the 
tich trade profits. A tear of incense resin, of negligible value on the 
tree, hd been doubled and redoubled many times in price before it 
reached the Mediterranean. ‘This ancient racketeering was based upon 
two sound economic principles, az valid now as then: the first, that 
of the monopoly, and the socond, that of bought proteetion, in which 
the Arabs and desert people elswhore have long been experts. 

‘The Minaean kingdom, which Was apparently the oldest, had passed 
its poriod of eflloreccence before the Subaeatis began. Tk was also 
the northernmost, located in the Janf and Nejran, with Ma‘an its main 
city, Nielsen believes that, the basic elements of this civilization came 
from the coastal strip along the northern Persinn Gulf, ‘which the 
‘Arubs call Bahirain, and the Babylonians called Magan. According 
to Nielsen, Ma‘an—Magan, with the ‘ain substituted for the Baby- 
onian G. 

‘There were 20 Minaean kings, covering, in their combined reigns, 
fa period of at least 600 years. The older estimate would place the 
Minacan period from 1300 to 700 B. C.; the younger, from 900 to 300, 
If the alphabetic inscriptions from Ma‘an go baek to the oldest period, 
then the younger dating is the more likely, since, in the Sinai region 
and northern Arubia, alphabetic writing docs not antedate the first 
millennium. The age of the Katubanians is also in doubt, but in all 
probability their kingdom was roughly contemporancous with that of 
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theMinaeans, At what time Hadhramsut changed from a trade depot 
toa kkingdom ig not known. 

‘The Sabaeans appear toward the end of the Minaean reign, perhaps, 
a5 Nielsen suggests, from tho northern Arabian Jauf. ‘They were 
pethaps also camel nomads, who carried tho trade for the Mingeans, 
and who, later having decided to tuke their share of the business di- 
rectly, estublished a domain in the south, grafting themselves an the 
orthern portion of what had been Katabunian territory, ‘There are 
two Sabaean periods: the earlier, called the Muksrrily period, in which 
the king bore the title mukarrid, which indicated a primarily priestly 
cffice, and a later, in which he is called madi, the common Semitic 
word for king. A paralfel transition took place in Kataban. ‘Tho 
exact dates of these two periods are unknown, depending on a floating 
correlation. Vor the first Nielsen offers 1115-815 B, C., 950-650 B. C., 
and 815-510 B. ©,, of which he prefers the middle one. This, of course, 
goes with the early dating for the Minneans, 

‘The most important Mukarrib of Saba was Karibu-Iiu (the Priest 
of the God Il), who killed 4,000 men in « war against Kataban, then 
turned on Ma‘nn and killed 45,000 while taking 63,000 prisoners und 
81,000 head of cattle. At tho same time his army Inid the Nejran 
country waste, destroying the Minaeans forever, ‘Two Assyrian in- 
scriptions, dated 715 and (85 B, C., respeatively, serve to locate this 
Kariba-Iu acenrately in time. He gave presente to King Sargon of 
Assyrin, although ho was in no sense a yassal of the latter monarch. 
The difliculty in pinning the entire chronology to him is that there 
were several kings named Kariba-Thy, and it is not yot known whieh 
one of them was the great conqueror and Sargon’s friend. 

Atany rate, this Mukartib period was the period of rise and efllores- 
eanee for the Sabueans, They established themselves definitely as 
the principal peoplo in southern Arubia; for after destroying the 
Minacans wnd crippling the Katabanians and Hadhramautis, they 
turned to offer these two Iatter perce-and alliunce, which must, have 
‘implied n Sabsean hegemony. The material high point of this period 
was the erection of the groat dutn at Marih, which provided irrigation 
water for the whole section, 

From about 650 to 115 B. C., according to Nielsen's correlation, the 
Sabsciiis continued to be the dominant people in the incense and In- 

fian trades. This was tho Malik period. In 115 B.C. their nation be- 
came the dual kingdom of Saba and Dhu Raidan, with rival families 
arising: the Hamdanis, of whom there is still un entire tribe in Yemet, 
and the Himyarites, who were only «single noble family, although 
their name has erroneously been preserved as the title of the whole 
South Arabian civilization. ‘Tho Hamdanis were centered ut Marib, 
the Himyarites at Dhu Raiden, From 115 B. ©. to A. D. 270 these 
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two families jockeyed each other about in their struggle for exclusive 
wer. 

Poh later history of southern Arabia, until the arrival of Tala, is 
relatively well known, In 24 B, C. Aclins Gallus led an expedition 
to conquer this whole section, known to the Romans as Arabia Felix, 
but the Romans never got there. Somewhere in the sands near the 
Nojram the majority of them perished, and those who survived xt 
this point turned back. About A. D. 270 the Axumite Ethiopians 
conquered Arabia Felix und ruled it—they were Christians and set up 
Vishops und bishoprics. But by A. D. 378, apparently, their rule 
hind cme to.an end. ‘The Axumites themselves were the descendants, 
in whole or in part, of earlier emigrants from the Hadhramaut, who 
had curried Semitic civilization to Ethiopia and. there become 
Christianized. 

Tn A. D,449 and 450 the dam at Marib burst twies, washing out the 
valley and ruining agriculture, and at this time there must, Inve been 
amass exodus, Perhaps it was at this time that the region of Sana'a 
became tie nucletis of Yemen, ‘The later kings, who ruled before the 
Iursting of the dam, were in many instances Jewish in religion, and 
the strong Jewish colony of Yemon had before then been founded. 
In A. D, 65 the Ethiopians returned, and in A. D. 570, the birth year 
of Mobummed, the Ethiopian viceroy Abraha, who ruled Yemen, 
organized an expedition, mounted on elephants, against Meldkn. ‘This 
expedition soon came to grief, however, and in the same year the 
Persians conquered the country. In A. D, 629 the last Porsian gov- 
ernor became a Moslem, and Arabia Felix was ruled from Mela. By 
the timo of the establishment of Islam in Yemen, southern Arabia hid 
lost its earlier importance. This was dus to the break-up of the over- 
Jand trade, caused chiefly by the establishment of ports along the 
constal Tihama by the Ethiopians. Bofore this time wo hear little of 
the coastal plain—it was ethnically a different country, as it is today. 

‘About the political and social organization of tho four southern 
Arabinn states, we have sufficient information to permit the recon- 
struction of nt least « plausible if striking system, Since each of the 
four was organized in essentially the samo way, it will suffice to des 
seribe the functioning of the best known, Saba. Here society was 
graded und subdivided on two interlocking bases, kinship and in- 
heritable rank. ‘These divisions were formally expressed by the pres- 
‘noe within the state of several parallel tribes and four graded classes. 
‘The tribe was both « kinship grouping and a geogeaphical expression; 
ech tribe except one was a completely parallel unit, which included 
members of the three lower classes, in approximately equivalent pro- 
portions. ‘The one asymmetrical tribe possessed in addition the entire 
personnel of the highest class, small in number, snd including the 
priest-king and his near kinsmen. 
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‘Tho state was named after the leading tribe, and the capital was 
situated in this tribe's territory. ‘Tho king was the representative of 
godhend on earth, the chief diety which he represented was the na- 
tional god of the state, although each tribe kept its own tribal divinity 
aswell. The leading tribe was concerned with the maintenance of the 
main temple and of shrines; thus, the leading tribe maintained its 
political nscondancy through religious sanction. 

Each tribe was bound toa certain section of land and was responsible 
for the agricultural succes of this allotment, ‘The members of the 
tribe were obliged to remain on this land and could not farm else- 
where—there was no freedom of movement from the agricultural and 
residential standpoint: For politieal purposes, the tribe was sub- 
divided Interally into thirds or quarters, and tribes could be recom- 
bined arbitrarily for political purposes. Tn this way the genealogical 
solidarity of the tribe could be broken down and must eventually uve 
becomns secondary to the geographical tie. ‘This organization into 
tribes and subtribes made it easy for the government to levy armies 
and collect taxes, und also to provide for the poor. 

Looal landholders, belonging to the upper tribal class, were also war 
Tenders and were responsible for the raising of covées to execute public 
works, particularly irrigntion projects, and to maintain the highway 
along which the precious frankincense traveled. Furthermore, these 
tribal leaders were charged with recruiting warriors und overseeing 
agriculture; for if any Iands were neglected or poorly farmed, the 
tribal overlords wore held responsible. 

‘The three social classes, aside from the divine upper crust, are desig- 
nated by the ns yet vowal-less words Med, Kadn, and Dmwot, Bor tho 
sake of simplicity, we shall designate these by the numbery 2, 9, and 4, 
leaving number 1 for the royal caste. Number 2 was a privileged class 
of landowners, with the feudal rights mentioned eurlier: number 8 
formed the most. numerous group, consisting of free landholders, the 
owners of small, individual properties, who provided the bulk of the 
working power, They wore farmers, psid a land tax, did military 
service, and submitted themselves to the feudal authority of the noble 
families of the second class, Members of class number 3 were further 
subgraded into categories by occupation, since they wpparently in- 
eluded in their numbers the skillful artisans responsible for the high 
Jevel of South Arnbian materia! culture. If tho modern parallel in 
‘Yemenite society reflects an earlier condition, then the farmers proper 
must have been superior socially to the artisans. The members of 
class number 4-were landless serfs, without political freedom. It is not 
Imown whether or not they fitted into the genealogical echeme upon 
which the tribal structure was ereoted. 
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An officer called Kebir, in Greck xpuBérezos, presided over each 
tribe as head. ‘The name itself implies that he ws originally an elder, 
and that his position was determined by family precedence. His office 
was partly priestly, pethaps in the earlier stages of South Arabian 
social evolution largely so, It was he who brought sacrifices to the 
tribal temple and offered them to the tribal god. 

Besides the lands governed by the tribal princes, there were crown 
lands governed directly by the king, and the occupants of these terri- 
tories paid him taxes and military services, Presumably these wera the 
Tands occupied by members of his own tribe. Much of the land also 
belonged to the temple; on it were priestly colleges, each with its Kebir, 
‘Thus, the prototype af the modern zaiciya and its sheilkh or fukih 
existed in pre-Islamic Subs, Every member of society, of whatever 
class, was obliged to do some’ work on the temple lands, und the gods 
were offered sacrifices, ex votos, and the tithes of all produce, The 
temples themeelves were built with money given or bequeathed as 
offerings to wipe away specific sins committed by the donors. 

‘The dual system of national partitionment, vertically into tribes and 
horizontally into clases, produced a state held together by religious 
sanction and by a specialized common economic purpose, Exactly how 
the caravans were organized, and who had control of the roud taxes, 
we do not yet know, but the technique must have fitted into the system 
already described. 

‘One can find a number of parullels to this tightly integrated and 
overtly stratified form of organization, in various parts of the world. 
‘The Inca system in Peru was basivall 
‘was, ut the time of Cortez, assiming a similur form, while the germs of 
such a system may be found in the tribal organization of the Muskho- 
gean peoples of the southeastern United States, In the Old World, 
the Sumerian and Bablyonian systems were not radically dissimilar. 
In Egypt the divinity of the king and the role of the nomes and 
nomarchs might be considered parallel. ‘The caste system, with occupa- 
tional segregation, has its parallels in India, and may there go buck to 
the time of the Indus Valley civilizations. Thus the technical perfec- 
tion of the South Arabian state, as exemplified by Saba, is not surpris- 
ing, and its formn relates it to the whole string of civilized communities 
reaching from the Nile to the Indus. 

But like all other systems, no matter how perfectly adjusted, it was 
susceptible to change. As the Subaean power grew through military 
‘conquest, the importance of the military element naturally increased. 
A subcaste, called by the consonuntal sequence "Avs, arose from the 
middle class, to parallel the Kshatrias in India; this was « strong mili- 

caste, which came in liter periods to eut across tribal lines, and 
developed into « strongly unified group which wielded great political 
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power. Ite rise was perhaps comparablo to that of the Nasi party in 
modern Germany, whose beginning was both middle class and tinged 
with military concepts. Needless to say, the rise of this fuscist military 
class was entirely a Sabaean phenomenon; the power and initiative of 
Minaeans and Katabanians had declined long before ita inception, and 

‘we know too little about the kingdom of Hadhramaut to make com- 
parisons in that quarter. 

‘Phe Kutabunians, as matter of fact, wore mare democratically gov- 
corned than the Sabseans, for each tribe had a council or ascembly of 
landowners; this was distinct from the parallel council of noblemen} 
thus, the Katabanians had » bicameral parliamentary govertiment, 
with « House of Lords und House of Commons, with the king in the 
supreme position, over both. ‘This system may well haye been the 
early political formula of all of the South Arabian states, lasting 
through the Mukarrib period in Saba, and eplaced during the Malile 
period by the foudal system above outlined, eventually to be thirust in 
tarn into the shade by the rise of the militury caste, and of the rival 
warting families of Himyar und Hamdan, 

‘Tho religion of these southern Arabian states, so intimately en- 
twined with the social and political structure, is not easy to recon 
struct. Moslems are notoriously loath to preserve traditions of 
earlier paganism and like to garble what pre-Islamic history they 
permit to survive in anachronistic terms Our religious sources, 
then, aré confined to the body of inseriptions so far pablished, and a 
fow superticial Greck observations. Although to competent Arubio 
scholurs the reading of the southern Semitic inscriptions is not diffi 
alt, since tho alphabet may be learned in a fove hours, and the gram- 
mar and vocabulary are basically the same, the knowledge of this 
writing passed out of common eiteulation span after the Talaanic 
penetration brought « new Semitic speech and iw new alphabet, In 
the tenth century Abu Mohammed el Hamdani could 
old inscriptions, so wo know that the knowledge had not, in his time, 
completely died. He wrote 10 books about the olden tines, of which 
only 2 survive. 

‘The inscriptions consist largely of the names of gods, of which 
oyer a hundred are known. Many of them are attribute names, such 
as Wadd, love; Sadik, teuth; and Rahman, the Compassioninte, which 
passed over into Islamic terminology, Besides these are a number of 
animal names: the bull, the horse, the ibex, the make. Others are 
Kinship terms: father, paternal uncle, brother, mother, ete. Still 
others symbolize the omnipotence-of the god: Za'al; the ruler; and 
Matik, the king. Personal names of individual men are often of tho 
Slave of the Compassionate” type, the pre-Tslamié prototype of 
‘Abd er-Rahman, and similar dedicatory terms. ‘There is again 











SOUTHERN ABABIA—COON: 399 


class of god names which indicate tribal nffiliation, the protector of 
such and such n tribe, or paternal tncle of such und such a tribe. 

‘Needless to say, this multiplication of god names does not imply 
an extensive polytheism, Al the names, all the gods, have. bien 
reduced to three: the San, the Moon, and the Venus Star. ‘These-nre 
respectively represented in sculpture as a disk, n crescent, and an cight- 
pointed star. Each of these three hnd many functions and attributes, 
each with n name, and the reduction of these to thres is only exoeeided 
by the Islamic heaping of all attribute numes on a single divinity. 
Although thore were but three gods, exch might be worshiped sepa- 
rately in different nspects and under different names; thus the tribes 
were still able to possess personal divinities, The state god of the 
Minacans was Wadd, that of the Katabanians ‘mm, that of the Ha- 
dhramis Sin, and of the Sabaeans /?-Mukah. All were the moon, 

‘There were no carved images of these three—the Semitic tabu 
aguinst graven images, while by no means generally applicable, was 
in force in’ regard to tho divinities themselves. What images we 
find ure of people. ‘These gods, however, had perches or resting: 
places, in the form of crude stones, auch as the Ku'uba itself. The 
jun was a womnn, and the moon her husband. Once a month, at the 
time of conjinotion, they hind sexual intercourse; the stars are their 
children, and of these Venus is the most important. ‘These stars 
eventually became angels; people and animals are also the children of 
the gods. ‘Thus, a direct kinship connection existe between this di- 
ying trinity and mankind, with the head of the state acting ns the 
synibol and concentration point of godbead in man. 

‘Among the northern Semites the sun was the most Important, ns 
the promoter of fertility in yegetation; in southern Arabia, whore the 
sun is too hot for comfort, and scorches and withers, the night is the 
timo of coolness, and, in the moonlight, the time for travel and wots, 
Nomads travel much at night, and tho moon with its phases gives 
them their yardstick for meusuring time. ‘Thus, whereas the sun wis 
the importunt god to the northern Semites, the moon was supreme 
among the southern groups, including not only the southern Arabian 
peoples, but also the pre-Islamic Arabs propor, who lived farther-north, 
in the peninsula. 

‘The god It or Mah was originally a phase of the Moon God, but early 
in Arubinn history the name became a general term for god, and it was 
this nainethat the Hebrews used prominently in their personal names, 
such 4s Ernanu-el, Isra-ol, ete., rither than the Ba'al of the northern 
Semites proper, which was the sun, Similarly, under Mohammed's 
thtelage, the relatively nnonymous Zlah becamo AU-I7ah, The God, or 
Allah, the Supreme Being. 
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‘Wo know comparatively little about the technique of sscrifice em- 
ployed in worshiping these divinities. The temple was. the great 
economic nucleus of each tribal region, with sovereignty over its own 
grounds and fields, and it was ruled by its head priest. with his troop 
of ncolytes. To it came worshipers bearing votive offerings, little 
statuettes of gold in the forms of animals and men, brought to the 
god ns instruments of supplication for future favors and as rewards 
for intervention in response to a previous oath. Models of arms and 
logs represent the divine curing of these limbs. A Greek souree of 
the fifth century A. D. states that the Himyarites sacrificed the choicest 
of their war booty in the early morning light, to Venus in his role of 
Morning Star. The most important sacrificial victims were the hand: 
some young boys who had been Jed to the temples as prisoners, ‘The 
same source lso informs us that other tribes worshiped Venus in the 
role of the Evening Star, an old man, and consequently rendered him 
old men in sucrifice. 

At is possible, ns Nielsen hus done, to fit this whole religions system, 
‘28 we now know it on the basis of incomplete evidence, into the general 
Semitic scheme, in which the four kingdoms of southern Arabia, and 
the northern Arabs as well, become the southern branch, and the Phoe- 
hicians, Babylonians, Assyrinns, ete, the northern, with the Jews 
playing a mixed role, Whatever the findings of the learned school 
of southern Semitists in Denmark and Germany, we must, ax these 
scholars would agree, still await excavation and a thorough strati- 
graphic and typological study of remnins on the spot before any of 
the problems, religious or otherwise, which concern this civilization 
may be finally settled. 

For the present purposes it must be considered sufficient, to have 
presented the foregoing brief and unscholurly resimé of the work of 
‘Nielsen and his associntes, xs n summary of present knowledge of this 
intensely interesting und important archeological problem. But even 
tha short newspaper account of Philby's journey, and Hellfritz's uncrit- 
foal hegira, as well ns the observations made from the nir by the French 
aviators who, in 1995, flew over some as yet unidentified city, furnish 
their contributions, as does the equally uncritical inspection of the 
Imam's Museum made by the author. 

We know now that the influence of the Inte classical world on the 
Sabnean kingdom cannot be overemphasized. Greeks or Byzatitines 
must have been imported to the Sabnean state to make statues and 
carve stone, In eatlier periods, Egyptian and Mesopotamian influ- 
ences were equally important. The South Arabian cities were com- 
mercial metropoles of n cosmopolitan character, grafted on. simpler 
agricultural state, in which imported goods and styles probably were 
more important than those which were more nearly indigenous, 
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‘This cosmopolitan cliaracter is revealed by the nature of the objects 
found in Salwean sites, many of which are too large to have been 
imported and must have been made by traveling workmen. Other 
things revealed by recent findings are Philby’s discovery that Shabwa 
itself, olthough flanked by residential suburbs, was a small, walled- 
city nuclous, scarcely 300 to 360 yards square, in contradiction to Pliny’s 
‘statement that the city alone contained 60 temples. We now know 
for the first time that the salt deposits at Shabwa, which are still 
worked, formed a major incentive for the location of the city at that 
spot, and that prosaic salt shared the trade with the more romantic 
frankincense and myrrh, We also know that Marib is surrounded, by 
submerged voleanic craters, which, Philby suggests, may have erupted 
‘at about the time of the destruction of Pompeii, thus weakening or 
breaking the famous dam. Through the diligence of this same 
explorer, we are introduced to a now city site, Ukhdud, in the Wady 
Nejrun, 4 step farther north from the Minaean center, and the seat. of 
a bishopric in Christinn times. 

‘Much remains to be done, Tho field of southern Arubinn archeology 
is ubout to open. Let ws hope that its miraculous preservation past 
the period of trial and error in archeology elsewhere 1uny permit slow 
and careful excavation by properly quillified persons, trained in ade- 
quate techniques, Let us further hope that the princes nnd kings who 
cantrol these sites will continue to be well advised and will refuse 
permits to the sensutional and the incompetent, following the policy 
so ably expressed by His Excellency Raghib Bey, Foreign Minister of 
Yemen, who feels that some important remains should he preserved 
for the archeologists of the future, who will have developed techniques 
of obtaining scientific information unknown today. 
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Scuttered finds in North, Middle, and South America over a period 
cof years havo added matarially to the growing body of evidence for an 
ocoupation of the Western Hemisphere in reasonably ancient tines by 
peoples who, judging from their physical characteristics, migrated 
from northeastern Asia and became the basic aboriginal population 
of the New World, In comparison with the remains of later periods, 
trices of the early Indian are far from numerous, ‘They are suflicient, 
however, to demonstrate that more than chance occurrences are in~ 
‘volved and to justify the belief that further investigutions will increase 
knowledge about. this phase of the pre-Columbian history of the 
Americas, ‘To name and describe all the discoveries pertaining to this 
subject (Sellarde, 1940) is beyond the scope of the present paper. This 
possible to discuss only a few of the recent and more important finds 
and to consider their bearing on the problems of age and general 
cultural status. 








NORTH AsHnICA 


Beginning in 1926 and continuing through subsequent years 2 series 
of discoveries in North America yielded evidence, now generally no 
copted, for 4 comparatively early oceupancy.. These finds eonsisted of 
ansocintions between stone artifacts and the bones from extinct species 
of animals, of stone implements and hearths occurring in strata of 
{dentifinble geologic ago,of camp sites located along old terraces and on 
tho shores of lakes long sinco dry, and of human bones incorporated in 
doposits of geologie significance. The materials from sevoral of these 
occurrences seom to be components of complexes from the same or 
related cultural groups, In other eases the collections are from aingle 
sites which appear, in the light of present information, to hnve:no con= 
noction with those found elsewhere. The evidence derived from com 
parable artifacts occurring under similar conditions at different lora- 
ities, wish the ait 
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tions is more convincing, of course, than that coming fram only one. 
A number of the thus far unique discoveries, however, liave contribmted 
valuable information. 

‘The most widely distributed and probably the best known is the 
Folsom Complex (Howard, 1935; Roberts, 1935, 1930). ‘The original 
find in this category was made near, and took its name from, the little 
town of Folsom in northeastern New Mexico, ‘The Folsom: Complex 
consists of w variety of stone and bono artifacts occurring in deposits 
indicative of some antiquity and in association with bones from extinct 
species of animals or from forms not now living in tho regions where 
the finds are made. ‘Three types of implements, the projeatile points 
and two kinds of stone knives, ure characteristic and may be considered, 
ériterin for the complex. ‘The additional varieties of stone tools gen- 
erally found accompanying those three types also ocetir in other com- 
plexes and for the most part are too ubiquitous both in time and space 
fo haye significance. The points and one type of knife (pl. 1) are 
characterized by facial luting. ‘There are longitudinal channels ‘on 
each face, extending from tho base toward the tip, which produce 
Iutoral ridges paralleling the edges of the blade. ‘Tho second type of 
knife, made from the flukes removed when the other forms were fluted, 
is » long, thin, plano-convex blade with approximately parallel sides. 
‘Tho knives and one sories of the fluted points were given a fine, second: 
ary chipping along tho edges after the channel flakes were struck off 
the fuces of the blade, 

Other points, although fluted, tend to be moro generalized in 
character (pl. 2). ‘They do not show ns euroful workmanship, do 
not have the peripheral retouch, and aro Iutger, ‘Tho relationship 
between the two forms and the reasons for their difforonces have not 
yet been determined. Various explanations have been 
One is that the larger forms represent an early development of the 
type, Another takes the view that they may be a degenierate and Inter 
survival of the better-chipped form, Still different is the idea that 
they were used in killing large animals, Also, there is the possibility 
that they indicate a borrowed technique in the method employed in 
tho manifacture of points, m technique that was never fully mastered 
by those who took it over. Any one or all of these postulations might 
apply in greater or less degree under varying circumstances. Definite 
statements, however, are not warranted without specific proof. ‘The 
purpose of the fluting can only bo surmised, It would facilitate 
hafting, make for easier penetration, would probably stimulate 

in» wound, and would tend to promote an inward working 

of the point if it was broken from its shaft, The makers may have 
these or some other end in mind. ‘That it was functional rather 
than notional seems likely because the fluting weakened the point 
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‘and ssade it more liable to breakage, hence vould riot have been doue 
without good reason. 

“Anitmal bones with which Folsom implements frequently are asso 
ciated ure those from bison, the mammoth, large American camal, 
antelope, extinct und living forms of the musk ox, giant sloth, and 
the native horse, ‘The mammoth, sloth, camel, horse, antelope, and 
kinds of bison represented aro no longer in North America, and the 
living type of musk ox is now far north of the area where the archeo- 
ogical specimens are found, Bones from nnimals still present in 
various parts of the country also occur in Folsom sites. In this group 
‘are rabbit, fox, wolf, door, and pronghorn, species that have changed 
so little over a long period of time that they have mo bearing on the 
problem of rolative age. Some of the sites also contain invertebrate 
fossils ng well os mummal remains. Included in this material isre 

species that either ure extinct or no longer live in the districts where 

such’ assemblages occur, Wood, in the form of charcoal, found in 
hearths and accompanying the bones has a similar status. ‘There is 
good indication of a climatic change and tho lapse of an appreciable 
Tength of time in these mammal, invertebrate, and charcoal remains 
from species riormally found in colder and moister environment 
than that provailing today. 

Good geologic evidence to augment that from the fama and flora 
‘ens obtained from the excavations in three main Folsom sites, ‘The 
animal bones nnd artifacts at the original location in the northeastern 
corner of New Mexico (pl. 3) camo from a stratum of dark clay con- 
taining gravel lenses andi anwll concretions of limo, a deposit left. by 
tan old bog or water hole, Extending several fect above this layer 
‘wore sediments consisting of highly restratified earth that have beet 
identified by some geologists as belonging to the close of the Pleisto- 
ceno or Inst ice age and by others as representing early Recent. All 
agreo, howover, that their age closely approximates the transition 
between the end of the Pleistocene and the beginning of the Recent. 
In the Black Water Draw between the towns of Clovis and Portales, 
180 miles south of the Folsom site in eastern New Mexico, the as- 
somblage of bones and cultural material is found inn bluish-gray 
deposit that is believed to be the bottom of old Inke beds that, cor 
relate with the high-water stage of ancient Lake Estancia located 
some distance farther west (Howard, 1985; Antevs, 19858). Gen- 
eral opinion is that Lake Estancia wns at its maximum during « plu- 
vial period when there was much heavier precipitation and tempera~ 
tures were lower, nn ora corresponding to the final stage of the Pleis- 
tocene, and the bones and implements wre regirded as dating from 
that time. At the third site, the Lindenmeier, north of Fort Collins 
in northern Colorado, the situation is somewhat different. At that 
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Jocation the remains occur in the deposits of a vestigial valley bottom 
that has taken on the appearance of a terrace nn result of the eroding 
of the ridges that once bordered its southern side (pl. 4, fig. 1), 
By correlating the occupation level, which is in the bottom of, or 
just below, a dark-coil zone that was formed during a wet cycle 
(pl 4, fig: 2), with the terraces of the main drainage streams, and 
those, in turn, with traces of glacial stages in the mountains on the 
‘west, it was demonstrated that the period of the archeological re- 
mains was near the close of the Pleistocene (Bryan and Ray, 1940). 
Approximately tho same geologie horizon is indicated in qll three 
cases nnd this is corroborated by evidence from several smaller sites. 
‘As n consequence tho beliof that the Folsom Complex developed 
toward the end of the Pleistocene or tate glacial period and carried 
over into the beginning of the Recent is now more or less generilly 
accepted. 

A majority of the Folsom remains and sporadic traces of the com: 
plex are found in tho eastern part of the continent. Some have been 
reported from the Great Busin—the plateau area comprising western 
Utah, most of the State of Novada, and southeustern California— 
lying between the Wasatch Mountainy and the Sierra Nevadas, and a 
fow points have beon found in northern California where thero is 
‘ono possible small site, Mont of the material, however, is in the area 
extending from Alberta and Saskatchewan in Canada on the north 
to southern New Mexico in the south, from the eastern slopes of tho 
Rocky Mountains on the woit to an enstern border that follows 
roughily the western boundary of the Dakotas, cuts across western 
Nebraska, Kansas, Oklahoma, and thence into Texas, where it tus 
eustward to the Mississippi River. There are indicationy of smaller 
centers in the region uround the junctures of the Missouri and Ohio 
Rivers with the Mississippi, in Ohio, western New Yorks, western 
Pennsylvanid, Virginia, ‘Tennessee, Georgin, and northorn North 
Curolina. An old medicine man in Sonora, Mexico, is reported to 
carry two such points in his bag of fetishes. Thore is no informn= 
tion, however, on how he obtained them or where they were found, and 
they have no value as evidence. ‘The distribution of Folsom imple- 
ments implies that there must have been some specific relationship 
between the physical environment, the hunting economy basis of the 
eultural pattern, and the period whon the spread tool place, ‘The 
latter will be considered in subsequent discussion, ax it also has n bears 
ing on some of the other types of remains. 

Papers pertaining to the general enbject of the Paloo-Indian fre- 
quently link another group of points with the Folsom series (pl. 5, 
fig. 1). ‘They are called Yuma from the county in eastern Colorado 
whore the first examples were found, The two forms wore at first 
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believed to be related because they: were observed lying together 
where the clay substratum had been exposed by the blowing away of 
the surface soils, One typological study based on this material de- 
rived the Folsom type from the Yuma, while another voneluded that 
the Yuma was an outgrowth of the Folsom. Aa n consequence the 
terms Foleom-Yuma nnd Yuma-Foleom were used for a time, They 
have been dropped by most writers, however, because subsequent in- 
vestigations have shown that tho two types are from different com- 
plexes, The early forms of the Yuma may have been contemporary 
with Inte Folsom types, but their main development was in subse 
quent periods, As a matter of fact they continued to be made in somo 
regions unti} almost historic times, Beoguse of this itis obvious that 
‘Yuma-type point not as significant as was previously supposed, 
und their presence in a collection may mean little from the standpoint 
of nge. 

Sandia Cave (pl. 6), located in the Sundia Mountains northeast of 
Albuquerque, N. Mex.,lins contributed further evidence on the Folsom 
Complex and in addition contained materials that put it i 
gory of an individual oF unique type of site, ‘Thrue different usm 
Diages of bones and artifacts wore found in distinct levels in the 
eave (Hibben, 1911), One includes cultural objects that are probably 
pre-Columbian in age, yet aro comparatively recent in origin, ‘The 
second series consists of spocimens from the Folsom Complox, arid the 
third group is composed of artifucts that have been called the Sandia, 
The top stratum or upper floor level contained the recent specimons, 
‘This layer of lust, bat guano, pack-rat dung, and trash rested ona 
hard crust of calcium enrbonute that entirely covered! nnd soaled in 
the underlying deposits, Beneath this “floor” was a Inyer of cave 
breccia containing the Folsom artifacts atid bones from bison, mani: 
moth, giant sloth, camel, native horse, and wolf, Tulow (he breccia 
Was a strxtiim of yellow dchier in which were neither bones nor wrti- 
facts. Underlying the ocher was another deposit of cave. breccin 
similar to that above. ‘The Sandia type implements and bones from 
bison, camel, mammoth, mastodon, and horse cams from this layer. 
On the otiginal Moor were hearths, One of thet was orttlined with 
small, rounded stones that must have been carried from the exnyon 
below because they wore the only stones of that type found in the cave. 
Charcoal, ashes, and fragments of burned bones filled the hearths, and 
‘Alongside the stone-encircled one was a Sundin point. 

‘Typical Sandia points, the most charueteristic netifact in the com: 
plex, are readily recognized because they have s notch at the base on 
ono side only (pl. 5, fig. 2). ‘There are two main forms with grada- 
tions between that in some cases are difficult to assign to either cate 
gory becauss of their intermediate nature, but all have the basal 
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notch, Sandia type 1 is lanceolate or rounded in general outline, 
ts a convex base, and is lenticular in cross section. Sandia typo 2 
tends to be more elongated with parallel sides, straight or slightly 
concave buses, an oceasional busu! thinning produced by the removal 
of a short fake suggestive of in incipient Folsom fluting, and « dia- 
mond-shaped cross section. Single-notched points of the Sandin 
types are not common in North America and only rarely are observed 
in collections, principally in those from the southern plains ares. 
An example of Sandia type 2 was found early in 1044 weathoring 
out of a gravel layer near Abilene, Tex.,* in n district where there are 
deeply buried sites that have yielded artifacts comprising another 
complex that i# regarded as being fairly old. ‘The latter will be eon- 
sidered in some detail in subsequent paragraphs and need notibe dite 
cussed further at this place. ‘The Sandia forms ure suggestive of the 
well-known’ points from the Solutrean industry in the Old World— 
in fact both types have analogs thore—but probably were not derived 
from, or related to, them. Besides points, the Sandia Complex in 
cludes stone knives, scrapers, pieoes of large bludes, und 4 number of 
grooved stone balls, ‘The knives and scrapers differ little from com- 
parable implements found in the cultural matirials of other bunting 
peoples, but the stone balls ary particularly interesting because they 
suggest the bolas of South America, ‘he latter, attached to the ends 
of a thong or cord, are hurled at animals for the purpose of entangling 
and catching them. If used for a similar purpose by the inhabitants 
of Sandi Cave, they indicate a new trait in North America, one that 
uppatontly was short-lived and very restricted in its distribution. 
Where there is no dirsct physical conneotion betwoen the deposits 
ina cave and those of known geologic age in the surrounding terrain, 
it ie difficult to make correlations, und conclusions regarding their 
rulitionship may be questioned. Indications arw that the breceia of 
the Folsom and Sandia Inyors and the intervening yellow ocher must 
have been formed when there was much moro moisture in the region 
than has been known in recent times, ‘The fa 
bones, is characteristic of a cooler climate, Since cool, moiut condi- 
tions prevailed throughout this area in the pluvial period following 
the maximum of the Wisconsin glaciation and the combination bus 
ot oceurred in sufficient degree to produce comparable phenomena in 
the intervening millennia, it seems probable that the enve was occupied 
at that time. Evidence from the Folsom sites, as proviowuly men- 
tioned, is for  Jate or terminal Pleistocene horizon, and it is logiea! 
to suppose that the Folsom material in Sandin Cave would be of simi- 
ar age. The Sandia wrtifaets, underlying the Folsom as they did, 
Would be somewhat older yet belong to the same general period. 


*Intermation emtslved fa perwonat comannieation from De. Cyrus M, Ray, the Ande. 
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Gypsum Cave (pl. 7, fig. 1), in the Frenchman Mountains east of 
Tas Vegas, Nev., also contained material of significance (Harrington, 
1983). Several cultural horizons were represented in its deposits, 
Tn the top layer were materials attributed to the modern Paiute Tn+ 
dians, Below it were two levels in which wore articles loft by groups 
related to the Pueblo peoples of pre-Columbian times, ‘These strata 
tested on a sterile Iayor indicative of break in the occupation of the 
eave, In the deposits beneath the sterile bed were archeological spec 
itnens, quantities of sloth dung, bones from the giant sloth, «n extinot 
species of wolf, three species of camels, and the native horse, ‘The 
evidence appeared to demonstrate contemporancity between the 
makers of the urtifaots and all the animals except the horse. Al« 
though there was some doubt abont the latter, those making the 
investigations expressed belief that the animal still survived in the 
region when the cave was occupied by men and that they were more 
or less ncquainted with it even though they apparently did not hunt it, 
‘This opinion was predicated on tho fact (hut projectile points similar 
to those obtained from the eave, long triangulur-shaped blados with 
square shoulders merging into n stem that tapers into’a rounded or 
pointed base (pl. 7, fig. 2), are found in open sites in wostorn Nevada 
in strata that also contain horse and camel bones, Subsequent dis: 
covery of the samo type points in a Jayer of hors dung in « cave 
(Etna Cave; Wheeler, 1942) about 100 miles north of Gypsum Cave 
considerably strengthens the argument and indicntes that the original 
‘assurnption was probably correct. 

‘Thore is some difficulty, ns in the case of Sandia Cave, in dating the 
material from Gypsum Cave, In the bottom levels were water-borne 
deposits in which were camel and horse bones. Above them were 
silts loft by standing water, ‘Tho top surface of the Iatter gave 
evidence of x period in which there was considerable evaporation, and 
in places it was solidified by mineral substances that had been carried 
in solution. Tho earliest traces of the giant sloth were found on 
this surface and in places they were partially covered by a stalagmitic 
formation. From that level to the top of the deposits the sttata were 
wholly dry and gave every indication of always having been so. ‘The 
artifacts and other evidence of humin sceupation were found only 
in tho dry layers. Botanical specimens obtained from the Intter rep~ 
resent an arid flora comprising plants that are present in the region 
today, although some of them live only at higher elevations. ‘The 
water-deposited Inyors, because much moister conditions than have 
provailed at nny subsequent period would be requited to produce them, 
have boen correlated with the last great rise in the level of nticient 
Lake Lahontan in Nevada. This is believed to have taken place 
during the pluvial stage mentioned in the discussion of the Folsom 
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and Sandia remains. As the ora of atidity had alrendy set in before 
the arrival of the hunters, even though their appearance was com= 
paratively soon after its beginning, the initial occupation of the cave 
is believed to have taken plice early in the Recont period, 

Evidence for relatively ancient group in southern Arizona was 
found in Ventana Cave (pl, 8) in the Castle Mountains (Haury, 
1943). ‘There in the bottom of approximutely 15 feot of deposits 
‘Wore stone implements accompanying bones from the native horse, 
ginnt sloth, tapir, and bison. The artifacts were projectile points, 
choppers, scrapers, and gravers, a complex very similar to the Folsom 
except that the points were not fluted. ‘They approxiniuto the gen- 
eral Folsom shape, but no attempt was made to produce the facinl 
channels (pl, 9, fig. 1). ‘The assemblage of bones and artifucts was 
ina lime-cemented layer of voleunio debris. ‘This conglomerate, sup- 
plemented by other indications of water action, is good evidence for 
a deoidedly wet period in that part of the Southwest, ‘The combina- 
tion of heavy precipitation and an extinct fnuna again suggests 
pluvial condition comparable to that proviously discussed and, al- 
though geologic studies nt the cave have not yet been completed, 
possibly m wrminal Pleistoceno or beginning Recent age. 

Important evidence bearing on later developments in the arca was 
ilso found in Ventana Cave. Artifncts in the layors above the stratum 
containing tho old materia! trace the progress of « cultural develop- 
ment from a simple hunting, food-gathering economy through the 
acquisition of agriculture and the pottery-making industry and subs 
soquent agricultural and ceramic stages to historic times, ‘The strata 
containing this series rested disconformably on the conglomerate, in- 
dicating # break in the continuity of occupation, ‘The hintus prob- 
bly represent a fairly long interval because during that period 
modern fauna replaced the old animals and there was marked change 
in the types of cultural objects. 

Recent erosion and the cutting of gullies or arroyos in the south- 
western corner of New Moxico, in southeastern Arizona, and in the 
adjacent area just across the border in northern Mexico have exposed 
hioarths, artifacts, and other traces of human inhabitation, ‘The 
materials from theee sites have been called the Cochise Culture and 
have been grouped into three stages or sequent phases on the basis 
of their typological traits, the nnture of their geologic provenience, 
and the associated fossils (Sayles and Anteys, 1041). Tho oldest of 
the phases occurs in sand-gravel deposits that also contain bones af 
the native horse, camel, bison, marumoth, and extinet wolf, prong- 
arn, and coyote. Hickory charcoal is found in the same level. ‘This 
kind of wood no longer grows in the region ns it requires much more 
moisture thin is now available, ‘The layer of sand and gravel has 
been interpreted as boing a flood-plain deposit from a permanent 
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stream, and this also points to the neod for much heavier precipi- 
tation, Study of the general area indicated that only during the last 
pluvial was it wet enough to support the growth of hickory and to 
supply water for such a étream, In combination with the remains 
of extinct animal forms this factor again implies « terminal Pleisto- 
cono age for the artifacts. Most of the latter are grinding or hammex- 
ing stones; there are only a fow knives and scrapers and no projectile 
points. ‘Tho absence of points is somewhat puzzling. It is possible 
that bone or hard wooden points were used and that these have not 
been preserved in recognizable form ar have completely disappeared, 
From present evidence it seams that the culture hud an economy 
based on food gathering, In the subsequent stages more flaked im- 
plements were made, and there is some indication of & certain amount 
of hunting. ‘The second and third stages fall in the Recent peri 
and material from them correlates closely with that in tha levels 
in Ventana Cave lying between the disconformity and the upper strate 
containing tho recent remains (Haury, 1943). 

Implements from Pinto Basin and Lake Mohave, in the desert area 
in southern California, practically duplicate those in the upper levels 
of Ventana Cave and the later stages. of the Cochise, Lake Mohave 
and Pinto Basin are formations attributed to the pluvial of late Pleis- 
tocene times, and artifacts are found along their old beach and shore 
lines. From thie it has been suggested tbat the implements must have 
ean contemporaneous with the ancient Inkes (Campbell, 1935; Sym- 
posium, 1927), Because this material is mainly from the surface, and 
in viow of the fact tht similar artifacts in the Cochise Culture and 
estan Cane are cafnlaly aent Wt done not eu haste ald 
be considered evidence for an early occupation of the distri 
people actually wero in the California desert area ut Senile 
the same time ns those who made tho artifacts present in the bottom 
of Ventana Cave seems probable, however, as sporadic occurrences of 
implements suggestive of the Folsom Complex are found there and 
‘one supposed Folsom site has been reported although there are no data 
on it thus far, 

Tnnotth-central Texas deoply buried occupation lovels (pl. 0, fig. 2), 
hearths, and graves in the banks of various streams and their inter- 
mittent tributaries yield information and specimens that suggest rela~ 
tively arly inhubitation of that region, ‘The oldest appeats to center 
in the Abilene district, where there are « number of stratified sites in 
which different types of artifacts are found at depths ranging from 
4 to 80 feot beneath the surface (Ray, 1990). In the lowest levols ire 
charcoal, crude tools of the heavy seraper, hand-ax, and chopper types, 
and thick leaf-shaped points thinned ut the hase by tho removal of 
broad, short flake from one side. ‘This treatment is suggestive of that 
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noted on some of the Sandia type 2 points. ‘Thore may be no selation- 
ship between the two forms, but itis interesting tonote that the Sandia 
type 2 point found near Abilene apparently belongs in the same hori- 
zon as the Abilene type, In the deposits above occur a variety of 
implements and a sequenice of point types that are considered compo- 
nents of a single complex, ane that hus been nated the Clear Fork 
(Ray, 1938; Roberts, 1040, pp, 74-76). ‘The upper strata produce 
‘artifacts attributable to the Toxas Indians of late pre-Columbian 
times. 

‘The implements of the Abilene Complex are found in the top and 
along the deeply weathered surface of an old soil or gumbo profile 
and in the bottom of un overlying series of silts laid down by wide- 
spread, successive, slack-water sheet floods, ‘Tho Clear Fork Com- 
plex, beginning above the Abilene horizon, occurs in theso same silts 
tnd shows progression from level to lovel toward the surface, The 
ggunibo profile has been identified as Pleistocene, ‘The first tentative 
conclusions were that it possibly corrolated with the Tlinoian glacial 
substage (Leighton, 1930), but subsoquent evidence suggests that it 
‘was more likely mid-Wisconsin or even later in the period. ‘The lower 
strata in the silts are regarded as belonging to the end of the Wiscon- 
sin substago nnd grading into the beginning of the Rocent, whereas 
the higher levels are dofinitely Recent, Abilene and fluted points of 
the generalized type occur in the samo horizon, and tho smaller, 
better-made Folsom projectiles arv found in association with older 
forms of the Clear Fork Complex. In addition, fossil mammoth, ex 
tinct bison, other vertebrutes, and Mollusca remains—generally con- 
sidered as representing w Pleistocene fauna—come from the samo 
lovels. Hence it seems that in this area there is further evidence for 
‘late Pleistocene or possibly slightly earlior occupation, 

Various archeological finds of groater or lest significance relating 
to this general problem have boen made in other parts of Texas, in 
Kansas, Nebraska, Wyoming, Utah, Oregon, northern California, 
‘Minnesota, parts of Canada, and Alaska (Roberts, 1040; Sellurds, 
1940), but spaco limitations prevent their consideration, In tho main 
they tond to corroborate the evidence from the discoveries already 











NORTH AMERICAN SRELEEAL stereaL, 


Human skeletal material from the oldor horizons is relatively rare, 
and the information furnishod by it is not ax satis factory as that 
from the cultural objects. ‘This is in large part attributable to the. 
fact that antiquity must be determined by the geologic age of the 
strata in which the skeletal remains occur rather than by the morpho- 
logical and metrical features of the bones themselves. Associated 
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archeological and paleontological objects wre ai important wid, al- 
though they also may froquently be inconclusive. ‘The types of men 
responsible for the Sandia Cave, Folsom, Ventana Cave, Gypsum 
Cave, and similar complexes are not known, as no human remains 
have been found in associntion with implements from any of those 
cultural patterns. A skeleton sometimes thought of ns a possible 
example of Folsom man was discovered in-n bank of the Cimarron 
River in northeastern New Mexico somo 16 miles east of the original 
Folsom site, The bones were in a water-borne deposit 13 feet 6 
inches below the presont surface and, from the degree of their fossili- 
ion and n tentative correlation between their situs and » nearby 
‘buried stream bed and the latter with the bison quarry, yore believed 
to be ns old as, if not older than, the artifacts and animal bones at 
that location (Figgins, 1935). ‘This conclusion has never been con- 
firmed, however, and ns chore were no accompanying archeological 
specimens it cannot be said that tho skeleton was that of Folsom 
man. It is unquestionably Indian, and certain characteristics of the 
slcull—its definite long-headedness, heavy brow eidges, and deeply 
depressed nasil root—are rather primitive (Roberts, 1997), but the 
bones themselves give no hint of the time when the individual lived. 
On the basis of the physical features he could be late Pleistocene or 
early Recent or, on the other hand, a modern Indian, Unfortunately, 
the geologic evidence needed to reach m vordiot ix not availible, 
One fragmentary skeleton was recovered from the oldest level of the 
Cochise. ‘The bones werw so broken and so many pieces wore missing 
that it was dificult to make a determination of the physical type, 
After careful study, however, it was concluded that the individual 
Was one of the small, southwestern longheads belonging to the Basket 
Maker group. The Basket Makers were the first agricultural pottery- 
making peoples in the Pueblo area, in the period from the beginning 
of the Christian Era to about A, D, 600, and although they had some 
primitive features, they were essentixlly modern Indians. ‘They aro 
believed to have been in the region long enough to have made the 
transition from a simple nomadic-huntirig economy to thet of the 
hunting, food-gathering, and subsequent agricultural pottery-making 
stages that are well known from excavations in the Puchlo region. 
‘The Cochise occurrence may be considered substantiation for their 
relatively carly appearance in the Southwest, although it might be 
regarded as un indication that the Cochise is riot ay old as has been 














suggested. 

In the Abilone district, burials are found at varying depths in 
the silts containing implements of the Clear Fork Complex. Some 
Were unquestionably subsequent penetrations into the silts, but others 
seem to date from the period when they were forming. ‘The best 
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example of the Inttor was brought to light when high water in the 
leur Fork of the Brazos River caved off a section of bank some 00 
miles northeast of Abilene and exposed grave 21 feot blow the 
present valley floor (Ray, 1943). Portions of the skull and all the 
and bones were swept away by the flood, Enough remained, though, 
to given good indication of the type of individual buried there. ‘The 
profilo of the deposite showed an unbroken sories of strata extending, 
‘across the top of the grave and rising from what had been the level 
‘of occupation at the time when it was dug to the present surfuce. 
‘There is no question that the burial was made in the early stages of 
the doposition of the silts and that it was aa old as the lowest of the 
overlying strata. As thesa are in the portion of tho silts identified 
as probably being late Pleistocene in origin, the skelotan would be of 
similar age. ‘The tip end from a small stone blade was found in the 
grave but, unfortunately, it is not sufficiently characteristic to indi- 
cate its cultural affinitios. Tho bones show that the individual was a 
tallish, moderately robust male about 40 years of age, He had excep- 
tionally heavy brow ridges, « long head, and w broad, rugged lower 
jaw. Tho slull in some respects might be approximated by occasional 
recent Indians, althongh in tho main it agrees moro froquently with 
{he more primitive forms of morphologically modern-type man found 
in America. Since from its goneral features tho skeleton could be 
that of a Paloo-Indian, there is nothing anachronistic in its being 
found in deposits that aro Into Pleistocene or varly Recant in ngo, 
Other remains from deep burials in the Abilene region have shown 
similar characteristics and have been considered as exemplifying a 
very primitive American Indian, probably one of the earlier strata of 
the American population (Hooton, 1983). 

One of the fow examples of a burial attributable to a fairly old 
horizon nnd accompanied by artifacts was that of the Browns Valley 
man in Traversa County, Minn, (Jenks, 1937). Tt was found in’ 
gravel pit while material was being removed for nso in highway con: 
struction work, ‘The bones were in # grave that had boon duig in tate 
glacial or Pleistocene gravels subsesquent to their deposition but prior 
to the formation of a thick humus layer that rested on them. Con- 
clusions based on geologic studies of tho sito are that the interment 
was made in early postglacial times, that is, in the beginning of the 
Recent period. ‘The associated implements consisted of three points 
and two knife blades. In the original description they are classifiod 
as Yuma-Folsom because of certain features that are suggestive of 
each, In view of later information: about those types, as previously 
inentioned, it soems that Browns Valley artifacts would. be » better 
designation. They are good examples of one of the alder patterns in 
cultural material and merit a distinct name, ‘The skeleton was that 
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of an ndult male and, as in the euses already discussed, the sicull was 
of the long-headed variety with strong development of the brow 
Fides, and « broad, heavy jaw. ‘The individual was undoubtedly an 
American Indian, but he differed from the recent Indians known to 
have ocoupied that particular region, 

Another Minnesota skeleton, the remains of a git] ubout 16 years 
of age, has been proposed as an example of the physical type of the 
Paloo-Indian living in west-central Minnesota in late Pleistocene 
times (Jenks, 1986). The matter of its antiquity has been questioned 
in Some quarters, however, and there has been considerable contro- 
versy over its proper status, The remains were discovered by work 
men repairing # stretch of highway in Otter Tail County when the 
grader blade, making its deopest cut in the middle of the roadbed, 
exposed fragments of a broken clam shell. Stopping to investignte, 
the workmen found the frontal of a Iiuman alcull beneath the bits of 
hell and n short distance away « picce of what thay thought to be 
bono but which later proved to be the greater part of an implement 
from antler, ‘The roud boss interrupted work with the heavy 
equipment until the find could be uncovered and within the space of 
2 hours most of the skeleton had been removed. At the start ssvoral 
of tho bones were damaged by tho shovels being used in the digsting. 
When they were discarded for small hund tools the results ware bot- 
tor and most of the material was recovered in fairly good condition. 
‘The skull had been crushed by the weight of the grader wheol but had 
not actually been touched by it, nor had the grader blade come in eon- 
tact with any of the other bones. A shell pendant found among the 
ribs ind vertebrao probably lind been worn suspended from the neck, 

During the progress of the disintorment n number of the men not 
participating in it watched the process, studying and diseussing the 
nature of the surrounding earth. From their statements, and from 
tho profiles made by the highway enginoer prior to the original cone 
struction, it was concluded that there had been no break in the over- 
lying strata, and that the body had not been buried intentionally but 
hind been covered by the deposition of ailts around it after it had 
come to rest nt that particular spot. ‘The repairs on the highway 
were completed, and the bones were turned over to the University of 
Minnesota. After they had been studied it was evident that they 
exhibited » number of primitive characteristics and further exami- 
nation of the place where they were found was deemed advisuble, 
On two different occasions traffic was diverted and the site reopened. 
‘Theso investigations demonstrated beyond quostion that the skeleton 
had come from that location. Fragments of bone were obtained that 
fit pieces recovered in the initin} digging, and in addition animal and 
bird bones and many segments of turtle carapace were found. While 
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the pit was open, geologists studied the deposits and came to the con- 
clusion that they were varved clays of a glacial lake, subsequently 
‘named Lake Pelican. There is no question about the identification of 
the silts, but there has been contention over the nature of the burial. 
‘Many think it was contemporaneous with the elays,and the testimony 
of the workmen and the highway engineer is good basis for such 
belief, while others hold that it must have been a later penetration, 
Furthermore, there has been contention as to whether it was inten- 
tional or necidental, whether the body had been placed in a grave or, 
ag has been suggested, the girl fell from « boat or through « hole in 
the ice, drowned and sank to the bottom where she was covered with 
gradually settling sediment, ‘The problem is complicated even more 
by arguments over possible evidence for slipping and disturbance in 
the clays and the chance that the skeleton may bave been intrusive. 
Unfortunately, the issue can never be settled to the satisfaction of all 
‘because of the manner of its discovery and its location beneath a 
highway. 

‘The artifacts aro of little help because similar antler and shell ob- 
jects might be found accompanying any burial in that region, even 
those dating as recently as early historic times. ‘The fragments of 
bone from muskrat, wolf, loon, and turtle carapace also present: in 
the pit are from species that could be Pleistocene but also are mod- 
erm and indicate climatic conditions little different from those of 
today, herice cannot be stressed as evidence. Because of all these fac- 
tors opinion is about equally divided; some consider the age as late 
Pleistocene and others as clearly Recent. Careful review of all 
phases of the problem, however, would seem to indicate that the prob- 
ability of n late Pleistocone dating outweighs that of a Recent age. 
‘The skeleton has a number of primitive features, the most outatand- 
ing being in the skull, ‘The forehead is low and sloping, with promi- 
nent glabella, There is a backward extension of the cranial vault tom 
large occiput with a lange projection to the rear and evidence form 
high area of attachment for the neck muscles, The nose is relatively 
‘small and narrow, lacks « nasal sill, and has « poorly developed nasil 
spine. There ate deep subnasal gutters, and there is marked alveolar 
prognathism. Obvious lack of reduction is apparent in the jaws nnd 
teeth, a festure usually considered definitely primitive, ‘The lower 
molars in absolute size are larger than any of those in the lower 
jaws of 10 Inte Pleistovene men in Europe, and this in conjunction 
with other less developed characteristics is regarded as good evidence 
for the remains being those of an early type of modern man. There 
is no renson from the standpoint of their osteology why they could 
not be as old as the silts indicate. On the other hand they do fall 
within the range of variation in the modern Sioux and are believed 
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by some of the physical anthropologists to belong in that category, 
In this connection it may be mentioned that this is the only example 
among the many purported early American skeletons where the siull 
is not definitely of the long-headed type. In this case it is 
mesocephalic, 

(THE MEXICAN AREA 


‘There has been little evidence thus far for Paleo-Indians in the 
‘Mexican area. No Folsom-type points, with the exception of the 
two in Sonora about which practically nothing is known and ono 
possible fluted blade from Tamaulipas (Prieto, 1912, fig. 18), haye 
been found south of the Rio Grande, Some discoveries suggestive 
‘of certain antiquity have been made, yet none has been demonstrated. 
to compare in age with Sandia, Folsom, and similar complexes, In 
fact it is agreed that they are much more recent (Martinez del Rio, 
1943, pp. 168-170). It seems improbable, however, that no such finds 
will be made; there is ulways a chance that one will come to light. Up 
to the present so little work has been done in the northern districts 
that, with the exception of knowledge of the occurrence of some 
soattered late village sites and protohistoric ruins and 4 few caves that 
date within the Christian Bra, there is virtually no information on 
the remains in that area, Bison roamed ns far south as southern 
Darango and were in the region around Monterrey in Coahuila. ne 
Inte aa the beginning of the seventeenth century (Hornaday, 1859, 
p:882), and there is tho possibility that older species may haye ocoupied 
tho area na well because there are several large deposits of bones 
weuthering from the beaches around the beds of lakes that must have 
ried up several millennia before the coming of the Spaniards, Hasty 
examination of these bone beds indicated that much of the material 
was bison, but no attempts were made to collect specimens or to detor- 
mine the species. It is not improbable that some of the older forms 
are represented there, and inasmuch as the earlier peoples were mainly 
hunters and followed the game in its migrations, it would not be sur- 
prising if, eventually, bones from extinet bison accompanied by types 
of implements mado by the Paleo-Indians were found there. If the 
generally accepted ideas ahout the peopling of the New World from 
Asin are correct, the Mexican plateau must have served a-a broad 
highway to Central and South America, and although it may be 
difficult to find, there should be some evidence of the migrations passing 
that way. 

CENTRAL AMERICAN FINDS 
Finds in Central America show that the bison formerly ranged 


mueh farther south than Mexico. A horn identified as bison came 
from northern Nicaragua many yeats ago (Rhoads, 1898), and tracks 
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made by bison were recently reported from west-central Nicaragua 
‘The latter wre ot more than passing interest because of their associa 
tion with imprints loft by barefooted human beings (pl. 10, fig. 1) 
as well as with those of other animals and birds, They were un- 
covered by quarrying operations in a deeply baried voleanie stratum 
nt Bl Cance, in the outskirts of Managua (Richardson, 1941; Richard- 
won and Ruppert, 1942), Studies of the deposits have led to the con- 
clusion that the trick-bearing layer was produced by a flaw of semi- 
liquid mud from a vent on higher ground. While the surface was 
still sulliciently soft to receive perfect impressions the people and ani- 
mala passed over it. Shortly thereafter a thin fall of dry cinders 
covervd the tracks, preserving and protecting them so that today they 
‘are 1s sharp and clear as when first made, Subsequently there was 
another mud flow and eruption of black cinders and thon a rapid suc- 
cession of thick mud flows (pl, 10, fig. 2). In the courses of time these 
layers turned: to stone, « phenomenon comparable to that occurring 
at Herculaneum after ite destruction by Vesuvins in A.D, 70, A 
stream forming a channel some 65 feet wide and 10 feet deep then 
cut its way through the strata thus formed, Eventually the bed of 
tho stream filled with silt, gravel, and water-rotlod stones, Later the 
‘urea was covered by o heavy fall of pumice from the eruption of 
‘distant volcano, and during tho following quieseent: interval now 
stream channels were cut and # thick soil zone developed. Again 
more ashes fell and another soil zone accumulated to be covered in 
turn by pumice from a further eruption. Finally the present topsoil 
doveloped to a depth of from 4 to 5 feet. ‘The lowest portion of this 
layor is an aeolian deposit representing a period of slow growth 
(Williams, in Richardson, 1941). ‘The sequence of events recorded in 
this series of strata required considerable time for its consummation, 
und although conchisions as to the age of the footprints await the 
completion of voleanological studies now undor way, it uppears cortain, 
that appreciable antiquity is indicated.* 

Journals of the conquest period presumably contain no references to 
bison for this area, and everything indicates that they have long been. 
eatinct in Nicaragus. Since their tracks and those made by men 
aro unquestionably contemporaneous, the occurrence would tend to 
signify that the human occupation should be regarded as dating from 
fnirly early times, Lending strength to this assumption is the fact 
that between the footprints and overlying archeological remains are 
approximately 10 feet of deposits. Tnclnded in the material from 
the lowest cultural level of the luter manifestations are potsherds from 
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‘type of ware found only in the earliest ceramic horizon in Guatemala 
and El Salvador. ‘This argues for a relatively ancient population in 
the Managua district. As the footprints occur ata much greater 
depth and must be considerably earlier, it is possible that they cousti- 
tute the oldest truce of human presence thus far noted in 
America and that they will establish the period of migration at a date 
some millennia prior to that hitherto postulated. 


SOUTH AMERICA 


‘The situation in South America is somewhat different, Numerous 
discoveries have been proposed us evidence for an early occupation, 
but there is much disagreement over their uctual import, Several 
factors contribute to conilicting opinions about the problem. In many 
portions of the continent there is difficulty in identifying and correlat- 
ing deposits. Certain animal forms appear to have survived longer 
thin in the north, with « corresponding lessning of the significance 
of faunal associations. Other complications have resulted from a 
rather common tendency to place undue reliance on the typology of 
implements, picking and choosing those that suggest antiquity. while 
failing to consider the remaining components inn complex. Further- 
more there has frequently been complete disregard of the situs of the 
finds, resulting in anaclronic and wholly misleading conclusions 

At tho time of its discovery the Punin calvarium from Eeuador 
‘aroused considerable interest, and it is often mentionod ws an example 
of Searly” man from that area, Only the skull was found. Tt came 
froin a doposit of voléanic ash in which also were bones from the extinct 
Andean horse, a large ground sloth, a so-called camel (the Protaueh- 
ania), tho Andean mnstodon (Cordillerion, » “Bunomastodont” not 
to be confused with the North Amerionn mastodonts), and those from 
present-day animals (Sullivan and Hollman, 1925), There was not 
‘un actual association, the nearest animal bones being 60 to 100 feet 
from the skull. ‘The discoverer, howover, expressed the opinion that 
serious consideration sliould be given to the implied contemporanoity. 
‘Tho skull falls into tho eategory of one of the three types generally 
believed to be charncteristic of the oldest stratum of New World 
peoples. This particular form hns been desigmated Australoid (Salli- 
van and Hollman, 1926), Psoudo-Australoid (Hooton, 1930), Proto- 
Australoid (Dixon, 1928), and Fuégido (Imbelloni, 1997). ‘The ques- 
tions of nomenclature, identifications, somatological inferences, and 
true significance of the type are too varied and complex for considera. 
tion in this presentation, ‘The Punin calvarium is admittedly an 
archaio Indian form and could bo relatively ancient but, as in the case 
of tho North Amorican skeletal material, tho age must be based on 
gealogic-paleontologic evidence and not on the nature of the skull 
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itself. ‘The ash deposit hus not been correlated with any specific geo 
logic horizon, ‘The faunal assemblage occurring in it is genorally 
considered as Pleistocene, and were it not for the human remains, the 
Inyer no doubt would have been regarded as of thatage, Yet othor 
evidence, such as that of the “Bunomastodon” (Cuvieronius) found 
near Alangue’, Ecuador (Uhle, 1930), suggests that the animals con- 
tinued well into the Recent period befors becoming extinct. ‘The fact 
that the quantity and variety of animal life in the Punin district has 
been much poorer in modern times than it was in the puriod when the 
volcanic ash was being laid down indicates some a 
evidence for early occupation is not as convincing as is desired, 

‘The Confins man from the highlunds of tho state of Minas Geraes, 
Brazil, was a moro satisfactory diseovery (Walter, Cathoud, and 
Mattos, 1937). ‘This skeleton was found in 1096 in a cave in the Lagoa 
Santa region whore the Danish naturalist Lund made his extensive und 
well-known collections over a century ago, Tho entrance to the cave 
‘was uncovered during the course of excavations in an Indian shelter 
and butial ground dating from about the conquest period, Ay the 
blocks of fallen stone and conglomerate were removed in the search for 
graves, the entrance was gradually exposed und ultimately stood on- 
tirely clear so that the cave was accessible. ‘There wore no traces of 
human occupation in the upper alluvial deposit of the floor, and, as 
cureful investigation showed that the entrance had been sealed during 
pluyial times, it was quite evident that tho existence of the eave was 
not known to thi people who used the shelter and buried their dead at 
its mouth, It was not until the fourth yeur of exploration in the 
interior of the caye that the human remaing were found, ‘The bones 
Iny beneath approximately 7 fect of alluvial silts that hnd been sealed 
in by u layer of statagmite. Natural rather than intentional burial 
Was suggested by the position of the remains. ‘The body evidently had 
rested on the surface und gradually was covered by sediments carried in 
by stocessive floodings from a nearby lake. In tho same stratum were 
Lones from the giant sloth, large llama, an extinct horse, tapir, bear, 
giant capybara, peccary, and mastodon. ‘This assemblage constitutes 
What is usually regarded as a typical Pleistocene or pluvial age fans 
in that area, No artifacts secompanied the skeleton and none were 
found in the deposits in the eave, hence there was no indiation of 
cultural affinities. ‘The skull is of the long-headed variety with low 
forchead and, although comparable to the Lagda Santa type in its 
hypsicephaly, presumably does not belong in that category. Students 
Who have examined it consider it one of the most primitive forme of 
Paleo-Indian this far found in South America. 

Contemporancity between the human and animal remains is in- 
disputable and appreciable antiquity is indicated both by the depth of 
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the overlying silts and the thickness of their stalagmitic cover, ‘The 
high-water level in Lake Confins, from which the silt-bearing flood 
‘waters are believed to have come, at present is 66 feet below the bottom 
of the cave. Throughout historic times there has not been sufficient 
water to produce overflowing into the exve, and consensus is that only 
near the end of the Pleistocene or corresponding pluvinl period was 
there adequate precipitation to cause such phenomena as the deposition 
of the silts and the formation of the stalagmite. At present knowledge 
of that period is too incomplete to provide a busis for chronological 
estimates on the age when the pluvial came to an end in the ares, Some 
of the animals represented in the faunal assemblage seem to have sur- 
vived into relatively recent times and consequently are not much help 
ag acriterion, ‘The Confins man. was unquestionably “early” insofar 
as his relationship with subsequent inhabitants of the region is eon- 
corned, but just how ancient he actually was is a problem still waiting 
to be solved. 

‘The Sambaquis, shell heaps scattered along large sections of the const 
of Brazil and on the banks of certain rivers in the interior, should be 
mentioned, although their value ae evidence for an early occupation 
debatable. There is considerable variation in the size of these formn- 
tions, Some of them measure 800 to 350 feet in length and 80 to 80 
feet indepth. In most cases, however, they are not as extensive and not 
more than 10to 20 fect deep, Many are located some distance from the 
present shore line, This indicates that thoy were formed when the 
sen was at higher level, and for that reason they ure regarded ns 
being of considerable age. They have been referred to ns evidence for 
# fairly early and dense population in the area because many people 
have believed thnt all were of human origin despite suggestions from 
time to time to the effect that most of the large ones probably were the 
product of natural forces, Recent investigutions tend to substantints 
the latter point of view (Serrano, 1998), None of the shells in the 
larger heaps have been opened, and such traces of human activity as 
have been discovered apparently were intrusions and not contem- 
poruncous material, Various small heaps and occasional portions of 
some of the medium-sized ones, however, consist of kitchen-midden 
deposits or refuse and definitely are man-made, The «mall heaps lo- 
cated farthest from the son in the southern provinces, especially in the 
Silo Paulo district, yield the oldest-appearing artifacts, A simple eul- 
ture in strong contrust with that of historic times is represented. Stone 
and bone implements comprise most of the complex. ‘The stone tools 
aro as a mile roughly chipped, but they are polished along the edges. 
Potsherds are sometimes found on the surface or in the upper part of 
the top layer of such mounds nnd the evidence suggests a late pro- 
ceramic group just beginning to xcquire pottery. This, in combination 
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with the polished edges on the stone artifacts, points to a later horizon 
than that indicated for some of the complexes previously considered. 
Further investigations are desirable to establish more precisely, if pos- 
sible, the exact status of these manifestations because finds. farther 
south furnish « basis for the assumption that relatively old culture 
may have existed in this region, 

In Argentina thers has been nctive iriterest in the subject of “early 
man” ever since the discovery of bones from: extinct animals and 
stone implements in the Mar del Plata region and the announce- 
ment of n Homo pampaenve (Ameghino, 1909). ‘This area is very 
productive archeologically. There are muny sites where house re 
mains, pottery, and metal objects are found, but in addition there is 
an older horizon which is characterized by a different human physical 
type and an implement complex containing only stone and:bone tools, 
Purthermore there are sporadic occurrences of artifacts, presumably 
in nseociation with extinct faunal matorial, and human skeletons that 
have been presonted as evidence for varying degrees of antiquity. 
Arguments over their validity have flourished for many years, and 
they still furnish » fortile field for debate, It-is not within the scope 
of tho presont paper, howover, to reviow and discuss all these finds 
Efforts to demonstrate that the crndle of the human race was in South 
America stirred a controversy that produced a voluminous literature. 
Information on the subject may be found in the numerous publioa- 
tions dotailing both sides of the question. Consensus is that itn the 
boginning entirely too great an antiquity was proposed for these 
romininis, but that some of the theories advanced in explaining them 
may havo some justification when adapted to a more conservative time 
swale, 

Geologic evidence in Argentina, as elsewhere in South Amoriea and 
in many portions of North America, tends to be confusing and to 
Promote errors in correlation und cross dating. Finds frequently 
fare made in dune districts where artifacts are uncovered by: wind 
action and are left exposed in the bottoms of Inrgo depressions or 
playus (Greslebin, 1930). ‘The situation is comparable to that in 
the so-called blow-outs of the western plains in the United States, 
Tho relationship between objects lying on the top of « lined sub- 
stratum is alwaya probleruatical because they may have been at 
different levels before they were dropped to a common surfince when 
tho surrounding earth was blown away. Also, some of the specinens 
inay have weathered from the top of the Jawer layer, as often happens 
in the case of animal bones, and there may seemingly be an nssocin- 
tion between rtifacts and an oxtinet fauna when the man-made 
objects actually belong in a later horizon, For that reason such oc- 
eurrences are properly open to doubt. ‘That the degree of minerali- 
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zation in human and animal bones is not m reliable criterion for 
antiquity apparently hhas been overlooked or disregarded by some of 
the advocates for an enrly occupation of this ares. Reliance qn’ the 
typology of implements also is misleading because, as hs been dem- 
onstrated elsowhere, some tool forms persisted over long perioils, and 
sitnilarities between Old and New World specimens do not constitute 
proof of their contemporaneity. Artifacts may be paleolithic in type 
but not in age, a factor that has beon forgotten by many arguing 
considerable age for certain specimens in this locale, However, some 
discoveries indicate that occupation of this area was not wholly « 
reoent event. ‘Thia is particularly true of a number made in late years, 
which suggest thnt while the antiquity is not as great ns earlier claims 
would nuke it, the age probably compares favorably with that gen- 
erally recognized for North America, Because of finds made in 
southern Patagonia, evidence from future investigations in’ Argon- 
tina will be studied with considerable interest. 

A detinite association between human remains, an extinet fauna, and 
an interesting series of artifacts has been reported from southern 
Patagonia, in Chile just south of the Argentino border (Bird, 1938). 
‘The evidence was found in caves and wrock shelter, One of the caves, 
nameél Palli Aike, was located in an old volcanic crater and contained 
deposits which in places uttained a dopth of 8 feet 6 inches. The upper 
5 foet of the deposits was composed of fine, dry dust with an ndmix- 
ture of broken and burned bones and some stones. This stratum 
rested oni a Inyer of volcanic ash that had a maximum thickness of 
feet. Throughout the ash and scattered over the original rock floor 
were lange blocks of Iava that hnd been erupted into the cave at the 
same time as the neh. ‘Che npper 18 inches of the deposits contained 
stemmed artow points, knives, various kinds of scrapers, und bolas. 
‘Among the points from the top 6 inches were finely made specimens 
of the type attributed to modern Ona Indians, Larger and erader 
stemmed forms occurred throughout this 18-inch level. Stemless 
points and other kinds of implements came from the next layer, 18 
inches to 8 fect below the top. Various types of scrapers and othor 
stone und bone implements, but no points of stone (the few found 
were made of bone), camo from tho stratum between 8 foot and § feet. 
On the surface of the underlying layer of voleanic ash were tools of 
stone nnd bone, debris of occupation, fireplaces, and broken and burned 
bones from the ground sloth and native horse, Embedded in the top 
of the ash was the stem from u different type of stone point. ‘Toward 
the back of the cave three cremation burials were found along the 
‘base of the wall in hollows in the top of the ash. This provided im- 
portant evidence of contemporaneity between human remains, extinet 
animal bones, and artifacts in what probably is the first well-authenti- 
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‘cated occurrence of the kind in the New World, The ash layer con- 
tained several partial sloth skeletons, and it was obvious that the ani- 
mals had used the cave as a shelter and had died there, Nothing sug- 
gested that they had been killed by Indians, but that the latter had 
bee there during the enrly period was shown by the charcoal and 
‘stone flakes present in the debris on the original floor. 

Some 20 miles west of Palli Aike, in the valley of the Rfo Chico, 
wns n formation called Fell's Cave, although strictly speaking it wns 
w shelter rathor than @ true cave (pl. 11). It had been formed at 
some time when the river undercut the canyon wall, ‘The deposits 
there were slightly over 8 feet in depth und contained another in- 
teresting sequence, ‘The top layer consisted for the most part. of 
sheep dung and produced no artifacts, The stratum below it, howe 
ever, yielded evidence of four cultural horizons: There was no 
structural change in the geologic debris, and clearly marked lines of 
demarcation were absent, but the archeologien) and faunal material 
was sufficiently differentinted to demonstrate the levels, In the latest 
horizon were Onu-type points and some of the larger, eruder, stemmed 
forms like those present in Palli Aike. ‘Tho next level contained only. 
the latter kind of points, while below it were stemless. points and 
blades. Scrapers of various kinds occurred throughout the stratum, 
but it was only in levels containing stono points that bolus were found. 
Associated with this material were bones from the guanaco, fox, and 
bird. ‘There wasn marked change in the proportions from the top 
downward until at the bottom, which was the bone-point horizon, 
bind and fox bones predominated and those from the gaansco were 
only sporadic. 

Underlying the above stratum was a sterile layer, 16 to 28 inches 
thick, composed mainly. of slabs, blocks, and disintegrated pieces of 
conglomerato that had fallen from the exiling, This debris com- 
pletely sealed aff from the upper levels a Inyer of occupation refuse 
ranging from 8 to 9 inches in depth. Numerous artifnets, stone flakes, 
and bono fragments were scattered through it, and there wore four 
hoarths where fires had burned, Broken and burned bones from the 
giant sloth, native horse, and gunnaco were mixed with the charcoal 
and ashes. Artifacts in the layer were bone implements, yarious 
kinds of serapers, cylindriéal rubbing stones, chopping stones, and 14 
roughly made stemmed points of stone, ‘These specimens show that 
tho first occupants of the shelter had an entirely different material 
culture from those who used it later, ‘Tho stom from « point found 
in the top of the ash Jayor in the bottom of Palli Aike Cave is from 
the same type as all but one of the points from the bottom stratum 
in the shelter and serves, with those from upper levels, to demunsteute 
that the same type sequence prevailed in both locations (pl. 12). ‘The 
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single difforing; point trom the bottom level of the shelter in its out 
Tine suggests « Folsom point, but actually it was not of that type. 
During the interval between occupations, that characterized by the 
rock fall, the horse and giant sloth disappeared and the guanaco be- 
came rare, The latter-as a matter of tact did not return in sulficient 
numbers to became an important food item until the closing duys of 
the stemless-point period or third cultural horizon. 

Atno great distance from the shelter and in the side of a hill called 
Cerro Sota is a long, narrow cave. The upward-sloping floor was 
covered at the inner end with » deposit of fine, dry dust @ feet deep, 
In the lower 8 fest of this debris were many fragments of native horse 
bones and a few from those of the sloth. There were no artifacts, 
and the only signs of fire were those associated with the cremation 
burial of a group of 8 adults, 2 children, and'2 infants, ‘Phe bodies 
had been plucod in a hollow at the rear of the cave, had been sur- 
rounded with grass and thon burned, ‘There were no accompanying 
artifacts to indicate the cultural affinities of the remains, but it seems 
likely they belonged to the Hirst or oldest horizon, ‘The fact that the 
earth above the burial contained broken horse bones suggests such 
correlation, ‘The skeletal material both from this cave and Palli Aike 
shows that the people were long-headed, had general Indian charac- 
toristics, and in some trnits resembled those whose remains were found 
in tho Lag6a Santa Cave, 

Unquestionable association with an extinct fauna indicates certain, 
antiquity for these finds, but again the question of when the animals 
disappeared is ull important and there still ig no satisfactory answer, 
‘This part of Patagonin was on the edge of the extension of the Pluinto- 
cone ice sheet in that aren, and a possible correlation between the 
retreat of its last advance and other phenomena suggest that people 
may have been in the region to the east prior to the recession, At the 
time the excavations were made, a relative chronology was developed 
on the basis of a correlation between lence for marked land rises, 
& change in the level of the Rio Chico, the subsidence of Laguna 
Blanca located some 60 miles west of Palli Aike, and clear indications 
that the voleanic eruption recorded in the bottom level of that cave 
‘wos tho oldest in the sequence, ‘Che initial occupation of Fell's Cave 
apparently. preceded the eruption, and the third period seems to have 
ended with tho drop in the level of Laguna Blanca, Independent 
studies have suggested that the subsidence in the luke was syncbro- 
nous with the last ice retreat, and if this were the cass it would tend 
to establish appreciably early inhabitation in the area. The native 
horse and the giant sloth seem to have disappeared soon after the 
yoleani¢ disturbance, when there may have been » rather severe but 
relatively brief fluctuation in climate. ‘These factors give no real 
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date, of course, but they do furnish « basis for making estimates, - This 
will be considered in more detail in connection with the discussion of 
the ages which have been assigned to all such finds, 


SUMMARY AND DISGUSSION 


Ti is evident, from tho manifestations discussed in preceding pages, 
that man had reached the New World when large portions of North 
America were still covered by remnants of the Wisconsin ice sheet. 
‘ho physical charucteristies of such remains as have been found, ns 
‘woll as those of the later Indians, indicate an Asiatic origin and subse- 
quent migration. ‘This spread probably did not take place asa single 
mass movement but as a series of continuing migrations by relatively 
mull bodies of people over » long period of time. When this began 
‘und the routes followed are matters about which opinions differ. Most 
students of the problem, however, agree that the bulk of the aboriginal 
population arrived by way of the Bering Strait region and from thera 
gradually spread over North America, through Middle America, and 
into the southern continent. ‘The great central plain in Alaska and 
the lowlands bordering Bering Sea and the Arctic Const were not 
glaciated during the Inst stage of the Pleistocene. Moreover, there 
was an open corridor along the eastern slopes of the Rocky Mountains 
in the period just after the climax of the Wisconsin, As n consequence 
it was possible for men nnd animals to pass from central Asin to the 
tip of Siberia and across to Alaska, enstward to thé Mackenzio River 
nd thence southward into the northern plains, Another route by 
way of the upper Yukon and its tributaries, the Liand and Peace 
River valleys, opened subsequently, and not long after this still another 
became available, It-led south along the Fraser River, between the 
Rockies and the Const Range, and into the Grout Basin, ‘Tho presence 
of urtifacts, old camp sites, and bones from extinct spocies of animals 
found in various places demonstrates that full advantage was taken 
of theso sever! nitural highways, 

‘The first migrants were hunters and they undoubtedly traveled in 
shall groups. According to present evidence they followed two main 
lines of dispersal, one along the eastern slopes of the Rockies, somo 
continuing on south toward notthenstern Mexico, and others spread- 
ing out over the plains to the more southerly reaches of the Mississippi 
River and from there to eastern portions of the country. It may be 
pure coincidence, but it is interesting to note in passing that the 
northern boundary of the distribution of sites attributable to these 
people approximates the lino of moraines left by the retreating glaciers 
following the climax of the last Wisconsin snbstage. The other 
movement seems to havo been along the platean between the Rockies 
and the Coast Range into the Great Basin, southern California, 
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‘Arizona, and probably from there into northwestern Moxico. ‘The 
Jutter movement may have continued along the strip of coust west, 
of the Sicrra Madre Oceidontal, while the groups from the eastern 
division who proveoded southward presumably traversed the platen 
between the Sierea Madre Oriental and the Sierra Madre Occidental, 
Eventually descendants from both must. have passed throngh the 
Middlo American funnol and into South America, where some pos- 
sibly spread along the Venezuelan Andes und into the plains of the 
Orinceo und others continued southwand along the Andes to southern 
Bolivia, whore they seatterod southedstward across the Gran Chaco 
into Braail, south of the Amazonian Forest, and on south into Argen- 
Some may have crossed the rang to the west and emerged in 
the constall belt south of the Atacama Desert (Sauer, 1944, pp. 958-009). 
Tho major movements that provided most, of the Indian populations, 
however, appenr not to have developed until Inter when tho Recent 
poriod was well established. Such xecretions ns may have come by 
son wore too Into to affect the older groups. and too suiall to play much 
part in the later developments. 

Although in many cases they apparently outlived the gvologis 
Pleistocene, many of the animals killed by the early peoples consti- 
tute shat aro usually considered Pleistooeno forms, ‘They seem to 
have survived through the transition to Recent times and then to 
have become extinct rathor suddenly, Causes of this widespread atd 
rapid disappearance are not known. That the Paleo-Indians may 
hava been a contributing factor through slanghter of the animals. and 
the introduction of diseases to which they were particularly suscep- 
tiblo hn been suggested. Other phenomena, no doubt, were also in- 
volved, and future work may produce the information necessary to 
a solution of this interesting phuss of the problem.. In this group, of 
‘ammals in North America were: mastodonts, mammoths, ground 
aloths, horses, camels, and tapirs, from families now extinct; antilo- 
caprid, the giant beaver, the short-faced bear, snber-tooth cat, giant 
at, musk ox, and bison, from gonera and species now extinct but from 
families still persisting. In South America those from extinct fami- 
lica wero: ground sloths, glyptodonts, “Bunomustodonts,” horses from 
the short-legged type derived from the Inte Pliocene immigrant, and 
tho Plaistocene £guve; while extinct genern and spocies from per- 
sisting families are represented by an armadillo, the short-faced bear, 
and suber-tooth eat (Colbert, 1042). The early inhabitants of both 
North and South America probably were contemporaneous with other 
animal forms, but their remains either have not been found in direet 
assovintion or the ausociation was too doubtful to receive consideration. 
Sinco many of these animals seem to have become extinct at a reli- 
tively recent date, associations between their bones and artifacts do 
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not necessarily indicate any great degree of antiquity. When stich 
‘occurrences are in deposits that can be correlated with geologic phe- 
nomena attributable to the late Pleistocene, however, dating the as- 
semblago as of that time is justifiable. Some of the North-American 
ovidence indicates thot the earlier migrants wore in the Now World 
fat the end of that period and on the basis of certain interpretations of 
the Patagonian manifestations it would apposr that zome must bave 
arrived well before its termination. 

‘To describe in detail the different implements comprising the various 
complexes and those occurring in sporadie asvemblages of bones arid 
artifacts hus not been possible in the bounds of the present discussion, 
Tt may be said that there are examples suggestive of late Paleolithic 
tools, a fow Mesolithic forms, and numerous early Neolithie types. 
Comparisons nre frequently made between these implements and those 
from various Buropean stone industries. This is misleading, however, 
fs the American examples must have been derived from eustern Asin 
whero tho development of stono working was for the most part inde- 
pendent of that in Europe. Such similarities to European types as 
may oecur have no chronological significance and should not be used 
as criteria for dating New World materia}, 

‘Thero hay been considerable disagreement and much arjgument over 
tho date of the arrival of the first immigrants from Asia, ‘This itun- 
tion may be attributed to the basing of conclusions on such differing 
factors ns tho characteristics of the archeological materia}, the faunal 
aseemblages, the nature of the human skeletal reniains, and the geologic 
evidence, ‘The latter ne a rule ix considered as being the most acoopt- 
able, and dates based on it are now regarded by many as substantially 
correct. Without going into tho problems of glacial variations and 
sytichronization, varve counts, foseil pollens, and relnted subjects, it 
‘will suffice to say that from those sources the ages of various phenomena 
have been determined, ‘The opening of the corridor east of the 
Rockies, making migration southward from Alaska possible, hns been 
placed at 18,000 to 20,000 years ago. ‘There appears to have been a 
similar opening some 20,000 years earlier, but itis generally considered 
fas being too ancient to huve played a part in human activities. ‘The 
termination of the Inst pluvinl in the North American Southwest, 
‘which is important in the study of a number of the manifestations, has 
boen dated nt npproximately 10,000 yours ngo, ‘The Lindenineier site 
in northern Colorado is dated at from 10,000 to 25,000 with th state 
ment that it may have been nearer the 25,000 mark (Brynn and Ray, 
1940), although other authorities consider the 10,000 figure as more 
nearly correct (Sayles and Antevs, 1041, p. 41, note 20). ‘The Black 
Water Draw, between Clovis and Portales, N. Mex., has boon dated 
12000 to 18,000 (Anteys, 1985). ‘The oldest level of the Cochise is 
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put at a little over 10,000 (Suyles and Antevs, 1941). Gypsum Cave 
jn Nevada is given a2 8,000 (Harrington, 1983). Ventana Cave hes 
not beon dated as yet, but on the basis of similarities with other re- 
mains it is probable that the oldest level there would approximate the 
10,000 figure. Sandia Cave seems to fall into the same category as 
the Lindenmeier or Black Water Draw. 

No date hus been suggestod thus far for the human footprints and 
bison tracks in Nicaragua. ‘Tho Coufins man was considered as huy- 
ing lived n “fow thousands of years ago" (Walter, Cathoud, jand 
Muttos, 1997), snd the remains in Patagonia have been estimated at 
8,000 to 8,400 (Bird, 1998b). An interesting question hns developed 
in regard to the latter, however, since that estimate was made. If 
the subsidence of Laguna Blanca took place at the time of the retreat 
of the last ice shect in that ari, the cultural horizons antedating 
that occurrence would te much older. Ou the basis of a correlation 
between the yurves in the Northern and Southern Hemispheres the 
time of the recession in the lalco hus been placed at about 10,000 years, 
ago. Inasmuch xe the deposits at Pall Aike Cave haye suggested 
that the entire period of human occupation of the ares. may be twice 
as long as the interval since the retreat of the ice, plus a span of 
unknown duration when the debris was collecting on the original floor 
and the layer of voleanic ash was nocumulating, over 
20,000 years would be indicnted.t’ In view of the situation in North 
‘Auuerica this appours to be too long a period, but it raises the quostion 
as to whether the remains may not be older than originally postt- 
Inted. ‘The problem is directly involved in that of the synchronizution 
cof ics uges in the north of the Northern Hemisphere with those in 
other parts of the world, and as there are various indications that 
simultaneous ico ages for the whole earth aro not necessarily admis- 
table it is possible the Patagonian phenomena wore actually some- 
what later. ‘Thetw is no way of telling nt this stage of the investign- 
tions how long it took the migrants to travel from northern North 
‘Amorica to the tip of South America, Some think of it ns slow 
tnd laborious process, others believe that it may nye been relatively 
rapid, If 16,000 be taken as tho maximum for North America and 
10,000 for the souithorn ond of South America, the Nicaraguan mani- 
festations might be considered a¢ approximating 12,000 to. 13,000— 
providing, of course, they represent tho earliest north-to-south drift— 
and Punin and Confins between 11,000 and 12,000, The North 
‘American data apparently have a better foundation than those from. 
South America, and there is a possibility that the dates just, postu- 

TTatoruatiin recelved trom De. Mird tn a letter weiten after the anovaranee of the 


corisial article In Acta Amerkauna, On the asle of prenunt evidence Dr. Wind beilgres 
‘roch an age far too great. 
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lated for the Intter are too great, although the former estimate for 
Patagonia may be somewhat too conservative, 

‘There is nothing in the human physical types that would conflict 
swith  10,000- to 10,000-year age for the first occupation of the New 
World. In Upper Paleolithic times throughout the Near East and 
Europe, as well as in eastern Asin, several races of modern-type man 
‘wore in existence at an earlier stage than sny thus far suggested for 
the New World. Consequently’ the fact that tho earliest arrivals did 
not differ greatly from modern Indians and have shown only sporadic 
primitive features should not be regarded as denying the possibility 
for such an age. Howover, the sitition is somewhat different urcheo- 
ogically. ‘Thus far there is scant information about the late Paleo- 
lithic in enstern: Asin beyond the fact that there was such « stage and 
that certain types of implements correlate with it, ‘There is little that 
compares with these older forms in the New World material, but there 
Sn snuch that is like the Neolithio artifacts of the period just preceding 
the appearance of pottery and various polished-stone tools. Because 
‘of this some argue, with considerable logio (Spinden, 1987), thnt the 
New World complexes could not possibly have originated prior to 
4,000 to 6,000 years ago, while others are willing to concede a maxi- 
mum of 8,000. ‘The answer probably is to be found in Asia in the 
transition stage between tho end of tho Paleolithio and the appouranice 
of the full Neolithic. At presont there is na available information on 
that cultural phase, and until the results of future investigations are 
at hand there ean) be no decision in tho matter. ‘This seeming diserop- 
ancy between geologic dates and archeological evidence emphasizes 
the ned for further study of tho problem, 

‘Thuis far there is not much basis for correlations between the older 
types of remains with those of Inter Indian groups, With thie excep- 
tion of the Cochise, and possibly also of some of the manifestations 
in tho Abilene district, all the early complexes were followed by a 
dofinite break, ‘They ure separated from subsequent assemblages by 
aterile layer. The later manifestutions, however, in all cases appeut 
to continue through series of cultural horizons down to historie 
Himes, The break in continuity is unmistakable in the Folsom sites, 
Gypsum Cave, Sandia Cave, Ventana Cavo, and nitmerous other North 
American occurrences not daseribed in the yrrésent article, and also nt 
Foll's Cave in South America, In view of this nnd because of tho reli- 
Gionship between some of the Ventana Caye and Cochiso materials, as 
well as tho difference between the oldest Cochise and other early com- 
plexes, it fs possible that the bottom level af the Cochise may have been 
placed! one stage too early and that it uetually belongs in the phast 
beginning just after the interval which is characterized, in all othir 
locations where such remaing are found, by an ubsence of trices of 





NEW WORLD PALRO-INDIAN—ROBERTS 451 


human occupation, Tn fact some geologist think that the sind-eravel 
layer in which Cochise muterial occurs may be 4 redeposition 
rather than an original flood plain and that the archeological speci- 
mens are later than the animal hones and gravel would indicate. If 
the widespread evidence for such s hiatus is correct, some explanation 
should be found for the break in continuity and for the possibility that 
the earliest migrants, like the animals they hunted, became extinct, 
On the other hand, if the first occupation wus followed by uninter- 
rupted inhabitatian, some good reason for the sterile stratum in so 
many sites should be forthcoming. One postulation lias heen that the 
break morely was in the plains and the southwestern area, where the 
increasing tomperatures and progressive desiccation following the 
‘onset of the postglacial produced unfavorable conditions and forced 
the people on eastward and southward to other regions where they. 
continued to live, Hyentually, after an amelioration of the climate 
in their former habitat and an influx of new migrants who found it 
again suitable for occupation, their descendants came in contact with 
some of the later pooples and there was an intermingling that is chron- 
ioled in the sporadic appearance of older physical types in recent 
groups. This is a logical explanation, but thus far the preponderance 
of archeological evidence is against it, 
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EASTER ISLAND* 


By Aurem Mérascs 
Assistant Direotor, Institute of Bocial Anthropology, Smithsonian Inatitution 
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‘A treeless volcanic rock, scarcely 18 miles long and 7 miles wide, 
slowly being eaten away by the waves and lost in the great emptiness 
of the Pacific Ocean—2,000 miles off the coast of Chile and 1,000 miles 
from the nearest Polynesian archipelago—this is Easter Island, the 
most isolated spot ever inhabited by man. Today it supports a mere 
handfal of natives, mostly half-castes, and many of them lepers. 
‘These 460 people, now under Chilean rule, are the only descendants 
of the men who created thore one of the most original civilizutions 
that have left a trace behind, Yet they have all but forgotten their 


part. 

For two centuries, the name of the island has been almost synony- 
mous with mystery. In the world of ethnologists it occupies a place 
much like thnt of isles of fancy in children’s imaginations, 

‘The sense of mystery which still surrounds this lonely rock was 
first aroused on Easter Sunday, 1723, when the DutchAdmiral Rog- 
gereen, in command of thres frigates cruising ubout the Pacific in 
search of the fabulous Davis Land, saw the dome-shaped peaks of its 
volcanoes jutting above the horizon, From the decks of their ships his 
sailors, as they drew nearer, could discern all along the cliffs of this 
tinknown shore an army of gigantic statues, which completely over 
shadowed x small band of naked and noisy savages on tho beach 
below. ‘The visit of the Dutch discoverers did not last long, but they 
carried back to Europe the strange tale of « solitary, desolate island 
guarded by coloseal stone images, far too heavy and impressive to 
have been carved and erected by the few primitive people they found 
living thore. 

Later in the sighteenth century, and afterward, Euster Island was 
visited in succession by several other great nuvigators: Cook, La 
Pérouse, Kotzebue, Beechey. They, too, saw with amazement the 
stone monsters, measured them, and even sketched them. To their 

“Rapid hy yermesion from The Yale Review, Summer 1838, with reristous and aa 
dane by tho xathor. The Wlutvations did net anpeer te The Yale Review, 
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minds also, the contrast between the monuments, indicative of n 
flourishing and skillful population, and the desolation they found 
about them was a peculiar enigma. They spoke of cataclysms, of 
voleanie eruptions, that might have changed the course of the istand's 
history, but these were pure guesses bused on superficin! observation. 

Tn the first half of the nineteenth century, a different group of visi- 
tors appeared. ‘These were the whalers, most of them enterprising 
Now Englanders in pursuit of business and adventure in the South 
Seas, A few echoes of their experiences come to us in indirect ways. 
‘Thus wo know that the captain of one of these ships kidnapped several 
men who afterward escapod and tried to swim back to their island 
although they wore 8 days out. It is not surprising thut relations 
between the whalers and the natives were far from cordial, Too often 
the ships’ officers resorted to impressing the islanders into their sery- 
ice. Such incidents explain tho hostility shown to some European 
navigators between 1820 and 1880 when they attempted to land. But 
these brief visits of Yankoo sailors were not without benefit to the 
study of Easter Island, Thanks to their collecting instinct, numerous: 
precious specimens of its early art have boon well preserved in the Pea- 
body Museum at Cambridge and the Peabody Museum at Salem. In 
Cambridge, besides various wood and stone earvings, there are two 
images brought from the island, made of bark stuffed with bulrushes, 
which represent a branch of its artistic tradition otherwise entirely 
unknown, ‘They are covered with painted dosigna that reproduce, 
with fino and procise workmanship, the elaborate patterns used in 
tattooing up to a hundred years ago. In this respect the old Euster 
Islanders rivaled the achievements of the Marquesans, 

Tn 1859 a frightful disaster befell the islanders when Poruyian 
blackbirders attacked the island and kidnapped the king, a large 
number of tho nobles and priests, and many hundred commoners, all 
of whom were carried off to the guano islands of Peru to work as 
slaves. Most of the people died within ashort time, When at Inst the 
fow survivors wero repatriated by a French ship, they spread among 
the remaining islanders the smallpox and tuberculosis contracted in 
Pern, ‘Thus within a few years most of the native population and 
with them the vital links with the past were wantonly destroyed. 

‘The mystery of Easter Island became still deeper when, in 1864, 
the first Christian missionaries (members of the French Order of the 
Sacred Heart) arrived and tried to obtain from the natives details 
about the origin of the statues, and the methods that had been used to 
transport them—since many of them had obviously boon moved from 
the place whore the stone was quarried, ‘Their answers to questions 
of this kind were unilluminating and ehowed that they bad only ® 
vague tradition of what had happened before their time, Their ig- 
noranee, combined with the state of primitive poverty into which they 
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had fallen, again emphasized their enigmutic relation to the lost civi- 
tization, of which the statues and great stone mausolewms as well as 
other finely wrought remains of the past were mute evidence. 

‘Then scientists began to study Kuster Island, At what time and 
by what manner of men, they asked, were these images made, with 
their colossul bulk, their empty eyes and scornful expressions! Was 
the island the remnant of a sunken continent! Had it been inhabited 
by « powerful earlier rice which had died out, or been destroyed und 
displaced by more wutlike conquerorst Had eruptions of the vol- 
canoes exterminated the skilled craftsmen, the sculptors, and the archi- 
tects, leaving only « small group of poople too discouraged and weak 
to continue the work of their forefathers! ‘These are umong the 
questions that still puzzle students. 

‘The statues symbolize the mystery of the island wnd have made it 
famous, Yet their paradoxical presonce on this speck of lund in 
the midst of the Pacific is perhaps Jess difficult to understand than 
are the wooden tablets covered with small incised designs that were 
collected from the natives in the second hulf of the lasteoutury, ‘The 
tablets raised the fuscinating question whether their makers used on 
them a kind of hieroglyphic seript which might some day be de- 
ciphered and would unveil the secret of its past, But all attempts to 
decipher them, with the help of intelligent natives, failed, 

‘A fow years ago the study of the tablets took ian unexpected turn. 
A Hungarian linguist, Guillaume de Hevesy, published « long list 
‘of Easter Island hicroglyphs which, it was claimed, presented very 
striking analogies with the symbols of « newly discovered soript found 
in the ruins of a civilization, 5,000 years old, in tho Indus Valley at 
Mohenjo-daro and Harappa. ‘There, coetaneous with the Sumerian 
civilization, flourished large and opulent cities inhabited by: people 
whose name and offlintions are totally unknown tous, ‘They were 
wiped out probably at the time of the Aryan, and their existence re- 
mained unsuspected until tho great excavations of Sir John Marshall, 
‘The Mohenjo-daro people have Ieft a great many inscriptions on seals 
which have so far resisted any attempt at decipberment, If it could 
bo shown that the two scripts were reluted, new light might be thrown 
on the obscure past of the whole Pacific area, 

‘Tho problem thus posed was of such significance for an under- 
standing of the oarly history of man that the French Government in 
association with the Belgian Government decided to organize an 
expedition to Easter Island to try to read its riddle. ‘The leader of 
the expedition was n French archeologist, Charles ‘Watelin, who, 
unfortunately, died in Tierra del Fuego. I was then asked to carry 
on the research, in association with the Belgian archeologist, Dr. Henry 
Lavachery. 
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We saw Easter Island for the first time on a rainy day in winter. 
Tt was also my first sight of a Polynesian island. I did not expect, 
‘of course, to find the classic coconnt palms and hibiscus, for I knew 
that the island was without, trees or shrubs, but I certainly had not 
imagined that this outpost of the sunny islands in the South Seas 
would remind me, ns it-did nt once, of the cousts of Sweden and 
Norway, When the cruiser on which we hod made the voyage 
tnchored off Hangaroa, the only modern village on the island, 
memories of Scandinavia ame even more vividly into my mind as L 
examined through my field glasses the frame houses of the natives, 
which are of a type common in northern Europe. ‘The eapital of the 
Jegendary Easter Island looked, for all the world, like « humble fishor= 
men's hamlet soen in a fog on the Baltic, 

T shall nover forget that first day when we wore anchored just off 
the little harbor. Gusts of wind drove long rollers ngainet the shore 
with such force that they broke amid spouts of spray with a deep 
pounding. In front of the sandy cove, the waves piled up over a bar 
thit, it seemed, nobody could cross, ‘The natives gathered on the 
beach did not appear very eager to meet us, but the haranga, the cries 
which announce any important event, had sounded in the village, 
and from everywhere, on all tho paths leading to the sea, we could. 
seo men on horseback coming at full speed. Near the boathouses a 
pulaver was held, and on the outcome of that everything depended. 
‘The commander of the cruiser had decided that/on no condition would 
he put us and our 90 boxes of equipment ushore, Our only hope for 
an jnmedinte and safe landing Iny with the natives, 

Suddenly wo saw them rush to the boathouses, deng three canoes 
toward tho sea, jump into them and disappear in the surf. We held 
our breath, expecting the canoes to capsize in their attempt to cross 
the bar, But after » short time, one, two, then ull three surged up 
from the wall of water and headed toward our ship. ‘The men were 
received with cheors,  well-eserved tribute to their courage and 
shell. 

‘When the canoos reached our ship we saw that they wore full of 
natives woaring the moot surprising disguises, ‘The majority wero 
dressed in old uniforms of the Chilean navy. In one eanos there 
wero, it appeared, lientenants, admirals, surgeons, and engineers, A 
fow hud also put on feather headdresses, similar to those in which 
their uncestors had received Captain Cook, but they wore ther merely 
as an ndvertisement of the native wares of ull kinds which they wished 
to trade for shirts and sailors? caps. 

Each timo 1 find mysalf using the word “natives” for the modern 
inhabitants of Easter Island, I have a hesitant feeling, just as hesi- 
tant as on that day when T first, sw their faces over the railing, 1 
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could not decide whether these men were heterogeneous ctowd of 


their veins, there was no doubt. Some of the men who came aboard 
and tried to sell their curios looked decidedly French; others might 
almost have had brothers or cousins in Hamburg or in London. Yet 
there was something exotic in all of them and traces of old Polynesian 
descent could be seen in their black, wavy hair, in the strange, viva- 
cious dark eyes, in the high foreheads, These first Easter Islanders 
whom I met impressed me as of mixed race. Later, genealogical 
investigations ‘showed that only a third of the present inhabitants 
could claim descent from a pure Polynesian ancestry—and the claims 
were not always well attested. 

‘There is one misconception about these people which should be 
dispelled, It has been stated over and over again that the modern 
Easter Islanders are a degenerate population and that they can have 
nothing in common with the people who carved the statues and 
inscribed the tablets, This is not true. They appeared to me in 
muny ways to be highly gifted. 

the 6 months I spent on the island, I found myself com- 
polled to admire their ingenuity and their remarkable talent for 
‘assimilation, No European village has given me the impression of 
more intelligent adaptation to a changing world. ‘This capacity is 
doubtless responsible, in part, for the possing of the old culture, 
‘Though the most isolated people in the world, the Exster Islanders 
are constantly on the lookout for new ideas, new fashions—and also 
now vices. Their extraordinary faculty for exploiting any weakness 
or interest in their visitors has had some amusing results. For ex- 
ample, a few years after the missionaries came to the island, the 
natives started to speculate on the antiquities and on the mysterious 
past of their little country. Finding th that foreigners were interested 
in the small wooden images of emaciated figures which had been one 
of their forefathers’ greatest artistic achievements, they proceeded 
to produce crude imitations by the hundreds, ‘The modern craftemen 
are without illusion as to the perfection of their work, but they excuse 
themselves by saying: “Why should we bother about beauty and 
finish when our patrons don't discriminste between good and bad 
images and we get in exchange the sosp and clothes we want!” 
Thanks to this commercial instinct, several of their old industries 
have been kept alive, 

‘One of their greatest and most profitable activities is palming off 
on amateur archevlogists rough stones alleged to be ancient artifacts 
or well-made imitations of them. The very day of my landing a 
native cynically proposed to cooperate with me in faking old imple- 
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mnonts and works of art, His idew was that since I had books and 
Photographs showing the designs and he had tbe manual skill we 
might form an ideal, uot to say profitable, partnership, T must 
confess thet on several occasions the islanders’ killful imitations 
completely deceived me, and T thus acquired a beautiful collection 
‘of anciont stone hooks that Lonly gradually rénlized were modern 
copies. 

‘This continued practice of the traditional arts has a certain his- 
torical bearing. It suggests that there has never been a complete 
breach in Easter Island civilization and that the present natives, 
however mixed in blood they may be, are, nevertheless, the successors 
in direot lino of the unknown men who carved the old wooden itnages 
that are nowadays prized specimens in our museums, 

‘Unfortunately, this is'not the only old. custom which has survived, 
From the tiine when the Duteh discovered the island to the present, 
ite poople have had the reputation of being the cleverost thioves in 
tho South Seas, and quite rightly. ‘This complaint is repeated in all 
tho accounts of the early navigutors, and many of the dramatic incl- 
dents on the beach of Hangaroa have arisen from the natives’ braven 
contempt: for the sanctity of private property. Only the sensitive 
‘and elegant Franch explorer La Pérouse ndopted the policy of laugh 
ing nt atch pilfering, and paid no further attention to it, He and 
his men were amused by tho attitude of the native women who helped 
their mates pick puckote by distracting the attention of innocent 
victims through entreaties and “ludicrous gestures.” 

‘The natives of our day ure just as thiovinh as their forefathers, und 
this wayward disposition is tho cause of endless troubles for the Eng- 
ish company which has leased the island from the Chilean Govern 
ment for sheop taising, ‘To prevent constint stealing of the sheep 
the company put barbed wire across the island in an attempt to 
force the people to remain within the bounds of their village: But 
such drastic measures were of little avail, and in the your T spent there 
5,000 sheop disappeared, Though the culprits are known to the whole 
community, family loyalty protects them and makes investigation 
useless, 

‘Otherwise the natives are law-abiding and peaceful; there are very 
few records of amurder or bloody. violence among them, ‘The only 
criminal we hoard of was ono of our guides, who, ironically enough, 
proved to be about the only honest man on the island, 

‘The people live as they did in the past, on the produce of their 
fields. ‘Taros, sweetpotatoes, yams, bananas, and sngareane grow 
abundantly on the fertile volcanic soil. ‘Tho only wants they can- 
not aupply themselves are for manufactured goods such assoup. And 
they like especially to get foreign clothing. In this matter, the men 
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do well for themselves by barter with the white ssilors who visit the 
island, but the women cannot be so provided for. ‘They complain 
bitterly of the difficulty they have in satisfying their coquettish taste. 

For an anthropologist, the material on Easter Island ix rather 
scant, The old culture has nearly gone. No Westerner ever saw it 
while it-was still functioning. The data on the past, which can be 
guthored, are limited to statements or tales which a few people have 
heard from fathers or grandfathers. Nevertheless, I was surprised 
to find a relatively rick folklore, which helped me to understand many 
aspects of the ancient civilization, Both legends and anecdotes stress 
cannibalism, which seems to have haunted the imagination of the 
Easter Islanders before the arrival of Christianity. ° 

‘Those who expect to find in these traditions any evidence for the 
existence of a civilization previous to that of the Polynesians will be 
sadly disappointed, ‘There is not » single feature of the Easter Island 
lore that does not point toward Polynesian origin. ‘The language 
itself is pure Polynesian, and no words now in use hint of = legney 
from uny other linguistic stock. 

‘These nre the main facts to bear in mind as we turn to the problem: 
posed by the mysterious, gigantic statues and the inscribed tablets. 
But before we go into it, we must first consider what is to be snid of 
the theory that the island is a peak of a sunken continent, since ypon 
this nasumption the classic interpretation of its mysteries has for » 
long time rested. ‘There is no scientific evidence that Kastor Idland 
is the wreckage of such a sunken continent—Lemuria or Atlantis. 
It is plainly a typical voleanic island of recent otigin, formed by a 
series of eruptions originating on the floor of the ocean, Soundings 
have revealed u depth of 1.770 fathoms 20 miles from its const. 
Morvover, when the island was settled by Polynesian migrants it does. 
not seen to have been much more extensive than it is now. Its coasts 
are subjected to continual erosion from the waves, and it is true that 
during the last decades a few of the monuments which once stood on 
the top of a high cliff have been precipitated into the sea. But sines 
the ancient sanctuaries were erected slong the shore, if the erosion 
had been very great, all of them would have been washed away by 
now. ‘There has also been a question about a great road which, it is 
sid, ran to the shore of the island and continued under water, sug: 
gesting that the shore was once much farther out. “The famous French 
writer, Pierre Loti, was, if I nm not mistaken, the first to mention this 
“triumphal avenue,” which he thought would lead to the heart of the 
mystery, On 4 simple statement of this traveling post visions of 
submerged glory have been based, and many good minds have allowed 
their imaginations to follow the submarine road down to enchanted 
Palaces, The truth is that no such road exists, What Loti took for 
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a paved highway is snen on close examination to be only a bed of 
Java that in its flow reached the sea. 

Other writers, abandoning the hypothesis of the sunken continent, 
have advanced the view that Easter Island is the center of an archi- 
pelago which vanished benoath the waves in m great cataclysm not 
0 many centuries ago, ‘They suggest further that the inhabitants of 
this supposed string of islands had used Easter Island asa burial place 
for their dead, According to this surmise, the dream Land of Davis 
would have been umong the many islands that were submerged, But 
no geological facts ean be found to support this theory éither. We 
know, too, that the sanctuaries of Easter Island continued to ba used 
‘ag burial places by the islanders ns recently as 70 years ago. Ruins 
of old villages near the monuments are added evidence that thie 
‘speck of land was inhabited by the living in former times as it is 
today, and that it could not have been merely a mausoleum, 

However, thero remains the baffling fact that such a diminutive 
island is covered with great statues, some of them 30 or 40 feet high and 
weighing many tons, Despite my skepticism about the elaborate 
theories offered in explanation of this miraculous flowering of seulp- 
ture, I must. confess that T, too, like all previous travelers to the islind, 
wns overwhelmed by a feeling of astonishment and awe when I first 
saw them. 

‘Thore ure fow spectacles in the world mors impressive than the 
sight of the statue quarry on tho slopes of Ranoraraku. ‘The place is 
indeed sinister. Imagine « half-crumbled voleano, a black shore line, 
and huge cliffs which rise up from the sea with smooth green pastures 
above them, Guarding the quarry, near the voleano, is an army of 
giant stono figures souttered in the most picturesque disorder, Most 
‘of them still stand out boldly. Successive landslides have partially 
covored others, ao that only their heads emerge from the ground, like 
those of a cursed race buried alive in quicksand, Behind the rows 
of the erect statues, along the slopes of the volcano, there ure 100 
figures still in the process of being born, Wherever one looks in the 
quarry, one sees bulf-finished sculpture. Ledges of the mountain 
have been given human shape, Caves have been opened in which 
statues rest like those on medieval sepulchers in the erypt of some 
great cathedral. Hardly a single surface has been left uncarved by 
the artists in their frenzy to exploit the soft tifa of the mountain, 

‘There is something weird in the sight of this deserted workshop with 
the dead giants all nbout. At every step, one stumbles over discarded 
stone hammers. It is as if the quarry had been abandoned on the 
eve of some holiday, and the workers were expecting on the day after 
to return and resume their tasks; indeed, in several enses, only a fow 
more blows would have been needed to cut the statues finally free 
from the rock of the slope. 
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In my opinion, the seemingly sudden interruption of work in the 
+ quarry is the most puzzling problem presented by Easter Island. Such. 
tun abrupt stoppage in the sculptors’ activity suggests some unfore- 
seen ‘catastrophe, some extraordinary event which upset the entire 
life of the place, ‘The nutives have always had the idea that magic 
was at the bottom of the trouble whatever it was. There ly a legend 
among them that an old sorceress, forgotten perhaps at « feast, may 
in her rage have put a curse on the quarry which frightened the work- 
ers forever away. 

If wo reject this fabulous story, we have no explanation of the 
phenomenon for which there is any basis however slight. Was there 
Possibly some surprise attack by a hostile group on the island in 
which all the skilled stone carvers were killed? Was there an attack 
from chance invaders? Were the natives suddenly overwhelmed by 
‘violent epidemic, or did something about their first contact with 
white men cause them to lay down their tools once for allt We do not 
know the answer, and I doubt if we shall ever have any light on it. 

Whatever the truth about the end of their work, it apponrs that 
tho Inst. of the stone carvers were under the spell of a megalomaning 
dream. Some of the unfinished statues are ‘of enormous size, one of 
them 60 feet tall. Others are to be found in places out of which it 
seetns impossible that they could ever have been taken. Perhaps their 
sculptors never intended to move these isolated giants, 

‘There are two types of Easter Island statuee—those which still stand 
in the crater or at the foot of the voleano Ranoraraku, and those which 
‘once surmounted the aku or burial places. ‘Though they are of the 
aie stone and of the same general style, there are differences which 
are worth streming. 

‘A word must be said about the burial places, which were situated nt 
frequent intervals all along the shore in a line that encircled the 
island. Most of them were huge stone structures af a peculiar 
plan developed from the primitive cairn. In these large mausoleuins, 
the crude heap of stones has evolved into a real monument through 
tho use of a retaining wall. ‘This wall, which formed a facade always 
facing seaward, was built of slabs or regular blocks of stone earefully 
fitted together into beautiful, amooth surfaces. Behind this is a lovel 
platforn, and then a gradual slope backward, filled in with conte 
rubble, ‘The central portion of the facade juts out, like the apron 
of w stage, and on the top of this projecting part of the platform 
stood a row of statues with their faces turned inland. In the Jong 
slope leading up to this sacred place the dead were buried. 

‘The figures of the mausoleums or sanctuaries were in the nature of 
huge busts, the head being disproportionately large in relation to what 
appears of the body. The back of the head goes straight up from the 
shoulders and, with the vertical lines of the ears, gives the head a 
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finttened appearance, ‘The eycbrows are well marked and overlap the 
elliptical cavities which represent the sookets of the eyes. ‘The nose is 
Jong, the tip slightly upturned and the nostrils expanded. ‘The thin 
Hips are parsed with what seems a scornful expression. ‘The arms, 
slightly flexed, cling to the bust with the hands joined over the wb- 
domen, below which the figure is ent off. 

© ‘The other sculptures on the island—the lonely images on the plain 
and those that guard the stope of the volcano Ranorarala—have the 
same features except that there are no sockets for the eyes, ‘This part 
of the fave, ax in some modernistic sculpture, is defined only by the 
ridge of the eyebrows and by the fiat plane of the cheeks below. The 
Jower part of these statues tapers to an enormous peg, which was 
sunk into the soil. 

‘Tho function of the ahu images can be surmised from analogies with 
the rest of Polynesia, The old Marquesans, close relatives and perhaps 
forebears of the Easter Islanders, adorned their stone platforms with 
stutues which represented thair wncestors. Among all the natives of 
central and marginal Polynesia, there is the samo tendency to give 
human form to ancestea) gods presiding over the sacred places, In 
the sanctuaries of central Polynesia stood huge slabs thax were arvctéd 
in tho same position as the Easter Island statues, ‘These slabs were 
reopptacles for the souls of the ancestral gods, who entered them when 
they were called by the priests. The Easter Island statues are merely 
‘niore realistic development of this idea, favored by the existence of 
easily carved tufa deposits. ‘Their sculptors elaborated rathor that 
originated « traditi 








land statues are to be found: on top of yoloanic 

hills, along cliffs, and in places which seem almost inaccessible, ‘Their 

fuss must have made their transportation diffinlt, As n matter of 

fact, no one has yet explained how some of them were hauled from the 

hte and then erected on the platforms on the opposite side of the 
land. 

Of course, there are many other instanices of people with rudimentary 
equipment moving objects of grent sizo—for instance, the dolmens and 
menhirs of Europe. As the statues that the Easter Islanders 
erected on their sane wore of the native tufa, they were not ex+ 
coedingly heavy for their bull. ‘Their weight ranges from 5 to 8 tons; 
only one weighs as much as 20 tons, But becwuse the rock from which 
they were carved is soft, it must have been nécessary to take innumer 
able precautions not to mar or break them in transit, This would 
have been easy if abundant supplies of wood had bean accessible, 
but, except for a fow bushes, the island seems always to have 
lucked wood, Good material for making ropes was apparently also 
lacking. ‘Theonly thing they could have heen made from is paper 
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mulberry, which the natives grew in special storle-enclosed plots. Per- 
haps tha wood necessary for making sledges on which the statues might 
have boon hauled was lumber that floated ashore. ‘This iy frequently 
mentioned in ancienttales, If native timber or driftwood was available 
in the old days, the difficulties of transportation would not have been 
overwhelming. We know that other Polynesians transported objects 
quite a= heavy os the Easter Island images, For instance in the 
Marquesas, slabs weighing as much xs 10 tons were hauled long the 
slopes of the mountains, ‘The famous doorway, or trilithon, of Tonga, 
which is one of the marvels of the world, has a lintel weighing 80 tons. 
But when the Easter Islanders of today ire asked about the means by 
which the statues were transported, they only say; “King Tuu-ko-iha, 
the great, magician, sed to move them with the words of his mouth,” 

‘Other questions have arisen about the Baster Island carvings. How, 
for instance, did the people get the manpower for such lunge enter- 
prises, which would have been impossible, it seems, if the population 
wore assmall ns itis today! ‘Tho answer is that before the Kuropeans 
arrived, the ishnd had ton times as many inhabitants us it now hns— 
or 5 thousind would be » consurvative estimate. We know this from 
data given hy its first European visitors and the early missionaries. 

Aguin are those statuesss old ashasbeensaidt Certain writers hnve 
ated thom ns far back as 1000 B.C, ‘There aro even some who think, 
that they might have been in existence 10,000 years ago. But the weight 
of general evidence is against theso views. Although their material is 
a relatively soft stone, they still retain sharp outlines, and the ham- 
mer marks are still noticeable on them. As the winds blow with re- 
Jentless force over the island, and rains are both frequent and violent, 
if the carving had been done thousands of years ago, it could not be 
in such good condition as it is today, ‘Tradition seoms to indicate that 
the Polynesian ancestors of the present inhabitants camo to the island 
and settled it in the twelfth and thirteenth centuries A.D. All things 
considered, I do not think the statues ean be more than five or six 
centuries old. But no definite date can be set for them. 

‘The Giguees of stone that stood so high abaye the shores of Easter 
Island, anid in such striking formation that it is no wonder they amazed 
the old navigators, have attracted more attention than the other myste- 
rions objects to which I have already referred—the wooden tablets 
with rows of strange signe incited on them, But these curious pieces 
‘of wood have alto given rise to much speculation, ‘They were bought 
from the natives by the missionaries in the enrly days of their work, 
and ever since they have been thought to contain a real seript which, 
if it could be read, would prove a key to the island's mysteries. 

‘The first whito man to discover the tablots was Monseigneur Jaussen, 
French Bishop of Tahiti, in 1866, As he was looking ut a piece of 
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wood, wrapped around with strands of hair, which a missionary had 
brought from Easter Islnd as a gift from the natives to the head of 
thoir now church, he was puzzled by the rows of small designs he 
noticed on it, ‘These he took to be hieroglyphs, and his view has been 
shared by all the later students of the problem, ‘The so-called “hiero- 
glyphs,” cut in the wood with a shark's tooth, are realistic or convon- 
fionalized drawings of various subjects, including apparently geo- 
moteical figures. Many of them represent men, animals, plants, and 
other familiar forms reduced to their essential features with no unnec- 
essary detail to blur the image. ‘They run wp and down the tablets 
in rows so arranged that when the reader arrives at the bottom of 
one row, he has to turn the tablet upside down to see the designs of 
the noxt ono in a normal position. ‘These images, or characters, are 
among the masterpieces of primitive graphic art that have como down 
to.ua. They aro outlined with an exquisite grace. ‘The symbols are 
uniform in style suggesting an established and highly developed 
esthetic tradition. 

‘Unfortunately, the discovery of this remarkable work was not fol- 
lowed np by scientific inquities at a time when they might have borne 
fruit. When, finally, in 1914 Mrs. Katherine Routledge, the distin- 
guished English anthropologist, tried to obtain a key to its meaning 
from the Inst native who had been trained in the old chanters’ school, 
it waa already too late. ‘He died of loprosy a fow days after his first 
interview with her. ‘The modern natives know nothing of the matter. 
‘Thoy tell merely vague tales of the tablets, saying that they aro magical 
objects which have the power to canse death. 

‘The supposed substance of the rows of designs on some of tho tablots 
was dictated in the Easter Island dialect to Jaussen by a native named 
Motoro, But when Metoro's words wero translated it appeared that 
they were only a simplo description of the designs, not their actual 
content, as had been hoped, 

‘Other attempts at interpretation have been undertaken but with: 
‘even Jess success, The most serious was that of an American naval 
officer, W. J. Thomson, In 1886 he tried to obtain the text of what 
‘was inscribed on the tablets from an elderly native. ‘This man un- 
doubtedly had some knowledge of the churacters, but he had become 
a good Christian and was afraid of jeopardizing his chances in another 
world by touching the tablets or even looking at their pagan symbols, 
Tn order to resist the temptation, he ran away and hid in a eave, where 
‘Thomson finally captured him. There he was “stimulated” by flattery 
and n few drinks to what was thonght to bea revelation of these secrote 
of the past. At any rote, he began to chant old Polynesian hymns, 
which he said were the texts of the tablets. Thomson and his col- 
Joagues noticed, however, that their informant was paying no atten- 
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tion to the rows of designs na he chanted and didnot repest his words 
when the same tublot was put into his hands » second time, He was, 
thought to be w fraud and was dismissed. 

‘As have already suid, a definite clue to the enigms of this so-called 
“script” goemed at lust to have been discovered 7 years ago, when Mr. 
de Hevesy pointed out a sories of analogies between some of these 
Easter Island designs und those of an old Asiatic script found on stone 
and clay seals in the ruins of two forgotten cities, Mobenjo-daro and 
Harappa, in the valley of the Indus. Now, archeologists ugreo in 
thinking thet the civilization of the Indus’ region dates from about 
2000 B.C, Its people wore an unknown ruce that knew how to build. 
planned cities with a complicated sewerage system. ‘The script they 
used is still undeciphered, but hypotheses about it have bien ad- 
‘vanced which, if substantiated, would make it one of the earliest 
known forms of man's writing, Some Orientalists seo striking anal- 
ogies between this Mohenjo-daro soript and the early Chinese 
hieroglyphs. 

Although the relationship between Easter Island “script” and that 
of the Induis hus been accepted widely ax a demonstrated fict, 1 can- 
niot help being skeptical for several reasons, ‘The Tndus civilization, 
contemporaneous with that of Sumeria and Egypt, was extinet by 
2000 B.C, Easter Island culture died out only 80 years ago. Roughly 
15,000 miles of land and sea separate the Indus Valley from the island, 
Between thom lie Indin, Indonesin, and enormous wastes of water. 
Tn other respects Mohenjovdard and Easter Taland have nothing in 
common: the arts of the Indus, like weaving, pottery, and moti 
working, were unknown to the remote islanders. ‘The prowl city 
Awellers of Mohonjo-dato would have looked down upon the half- 
naked people who lived in thatched huts, and indulged in cannibalism, 
How could two such different and widely separated peoples have shared 
the same form of writing? 

Tn order to answer thix question, Mr, de Hevesy advariced the theory 
that the Easter Island tablets arw mauy centuries, if not millennium, 
old and were brought to Kaster Ishund by the first immigrants. Hore 
the evidence that remains is against him. ‘The wood of the best and 
largest: Easter Island tablet is that of a European oar. Besides, if 
Hovesy's theory. were to be necepted we should have to mike the diffi- 
cult assumption that the Easter Islanders kept their script unchangod 
for more than 3,000 yours. A citreful analysis of the tablets und the 
Indus seript hus not borne out this theory. "True, some of the xigns in 
the Indus seript have striking analogies with those of Easter Island. 
Tam, nevortholess, still more impressed by the divergencies, and by 
the doubtfalness of parallels based only on n few eases which take no 
account of many variants of the same design. 
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‘Moreover, there is little question, 1 believe, that the designs on the 
tablets were created by natives of Easter Island, It would be diflicult 
to explain on any other assumption the presence among them of <0 
snauy figures of animals belonging to the local fauna und of objects 
thut are found, as far as is known, in its culture only. Mr, de Hevesy 
interpreted esitain of the Easter Island symbols as representations of 
monkeys and elephants, but for these suggestions of India's jungle 
Jife he drow. on his imagination, 

Tn the hops of throwing some light on the mystery, I applied to sev- 
eral tubletsan analytical method, [counted their symbols and stuilied 
their combinations to find out whether they might constitute ay wetual 
script. If the symbols represented sounds, the same signs would have 
beon combined in the same order whenever a word. was repeated, 
But this seldom happens. ‘The same combinations of the same sym- 
hols recur in only a very few cases. The individunl designs ane re 
Puated over and over again but apparently in haphazard order, No 
luo to a script came from this study, 

If wo might nssume that the tablets contain un nctunl script, the 
question would arise whether it were pictographic or ideographio, 
‘To answer this there are not enough different symbols, Most of them, 
are variants of about a hundred fandamental designs, On certain 
tablets the sumo signs form a high percentage of tho total, 

Acsuming that the Easter Island blets contained a seript, Fthought 
it likely for a long time that this was based on the same principle 
48 the designs inscribed on birchbarl by the Ojibway, Indians, who 
record charms by means of figures which sometimes remind us of 
the Easter Island symbols. From the iinages drawn on bark, the Tn- 
dinn shaman reads a text which, to hig mind, they represent. ‘The 
Cuna Indians of Panam still’use the same primitive form of writing. 

But one thing made me suspicious of such an interpretation, ‘The 
Enstor Island tablots are pioces of wood of various odd shapes which 
aro always covered with designs from one end to the other and on both 
sides, If their contents corresponded to.» seript text, this would mean 
tint the artist always know in advance just the size and shape of the 
piece of wood his chant would fil, As this seemod highly improbable, 
I was obliged to abandon this entire hypothesis and seek for some 
hotter ue to the mystery, 

T found it in « link that has been kept between the tublets, and the 
oral traditions, songs, and prayers of the Eastor Islanders, The 
word that the natives use for the tablets pute us on the right track, 

They are called kohau songoronga, which means literally “orator 
staff"—that is, the stick, sometinies decorated with carved symbols, 
sometimes not—which x apeaker holds in his hands while makings 
public address or reciting a piece of traditional lore, as if to give added 
significance to his words. ‘The rongorongo were professional chanters 
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who formed a society, which existed not only on Easter Island but 
algo on other Polynesian islands. In childhood they were taught in 
special schools to memorize and to recite the lore of their tribe. 

Everywhere in Polynesia the chanters tise such an “orator stuff.” 
Sometimes, us in New Zeuland, the staffs are provided with notches, 
which are supposed to help in reciting genealogical tables. In the 
‘Marquesas, thie chunters held, while chanting, » bundle made of string 
wound about with knotted ends hanging down, which was thought of 
ax containing the substnnce of the chant though the connection be- 
tween the words and the contents of the bundle was loose. The bun- 
les symbolized the chante and were in consequence of paramount 
importance. ‘They were solemnly given to the young people after 
they had been initiated into the lore of their ancestors. 

‘These facts, T concluded, give us the best clue in the problem of 
the Easter Island tablets. To ity chanters as to the chantérs of other 
islands, the “orator staffs" were the accessories and the symbols of 
their function. Originally, the designs on the staifs or tablets might 
‘have been mnemonic, but later on they lost their exact significance 
in the minds of the natives and were looked upon merely as simple 
ornaments or magic symbole. It may be added that even now we 
can observe on Kuster Island a alight relation that has been preserved 
botween design and chant, ‘The natives are in the hubit of chanting 
when they make string figures or cat's cradles, ‘This interpretation 
of tho tablets may not contain the whole truth about them. I offer 
it rather as the hypothesis which best fits the facts available today, 
and which harmonizes also with what we know of an underlying 
tendency in Polynesian civilization, 

But these are not all the questions that have been raised by Easter 
Island, Some observers have found in the well-carved and well- 
fitted stones of its sanctuaries likenesses and relations to the ancient 
remains in Peru, and to account for them have sxid that there must 
have been intercourse between these two parts of the world at some 
period of history. Bat close study has revealed thut between the 
Peruvian and the islind ruins the resemblances do not go beyond 
the fact of an exact fitting of the stones. The plan and the 
structure of the Peruvian buildings are entirely different. In Peru 
the walls are nll of carved stone blocks, whereas in Easter Island 
they consist of slabs set on edge ontside with rubble behind. The 
only conspicuious architectural achievement of the Easter Telandera 
was to select the slabs and to dress their corners so that no gap would 
appear on the surface and impnit the general pearance, This they 
could naturally have Jearned to do without crossing tho ‘Pacific in 
frail canoes and making the long journey inland to the site of the 
wonderful ruins in Peru. Moreover, these are certainly far older than 
the Easter Island sanctuaries. Thus it seems cléar that we must 
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give up Hope that the remains on Easter Island will help to solve 
the problems of exrly American civilizations. 

‘The result of $ years’ work on the island culture pursued at the 
Bishop Museum in Honolulu, with which I have been associated, 
shows that this Uitims ‘Thule was discovered and settled by Poly. 
nesians, who arrived in a fleet of double. canoes sometime, roughly, 
between the middle of the twelfth ecntury A. D, and tho end of the 
thirteenth. ‘The time of the discovery. and settlement. can be estab- 
lished approximately from the lists of chiefs that have come to. tia. 
‘These the early missionaries took down from the dictation of the 
hatives, I was permitted to copy another ono from i list which my 
native informant had compiled himself, Many errors have, of course, 
slipped into these records, but-a comparative study of them shows that 
Easter Island has been ruled by about 25 or 90 chiefs since the founder 
of the dynasty, Hotu-matua, and his peoplo first came to its shores. 
Allowing 25 years for each ruler's reign—the usual method of moas- 
uring time in Polynesian annale—we find that this must have hap- 
pened very close to the twelfth or thirteenth century. From other 
#ouirees, we know also that this was a period of great sea expeditions, 
and that the settling of New Zealand and of many other islands in 
the Pacific occurred in what seems to have been a heroic age of 
ancient Polynesia. 

Curiously enough, the oral tradition of the migration to Easter 
Island has been preserved remarkably well even down to the present. 
While T was there, I was told in great detail many more or less legend- 
ary incidents of the voyage eastward of Hotu-matua nnd his associate, 
the noble Tuuko-ihu,. “These stories with their core of history were the 
Blorions sagas of tho first emigrants to this little lost world. 

At about the same time, the Tahitians, Maori, and Maryuesans had 
‘culture which was still undefined but was very similarin the different 
groups. In the course of the succeeding centuries, over each af these 
island aren» ctvilization developed along original lines, though still 
retaining the common background. The Baster Island culture belongs 
to this purely Polynesian type. ‘The ancestors af the present populs- 
tion merely improved upon the legacy they received. : 

Where then did the Easter Islanders come from? Since they are 
Polynesians in race, language, and culture, the problem of their origin 
coincides with that of the Polynesians as.a whole and is ns yet unsolved. 
That the Polynesians cama from Asia is beyond doubt, India, Assam, 
and Indo-China have been variously given as the cradle of these sen. 
faring tribes, but sufficient, evidence to validate these theories is still 
lucking. Within the Polynesian world the Easter Islanders offer 
tuany analogies with the Muori of New Zealand, the people of Manga 
fevn and those of the Marquesas. Actually the resemblances between 
Easter Island culture and that of the Marquesaa are very striking It 
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is possible that the Eastor Islanders were among the early Polynesian 
emigrants who spread from central Polynesia toward the east, oscupy- 
ing the Tuamotus, Mangarevi, and the Marquesas, Very likely after 
a sojourn in the Marquesas some nguin sailed eastward and discovered 
Eastor Island, At the time they left the Marquesas their culture, of 
course, hind not yet developed the specific pattern which characterized 
it when the Europeans landed there in the eighteenth eentury. 

‘The genealogies of Mangurova, the neurest Polynesian island to 
Easter Island, date back to the twelfth century, but traditional hi 
mentions early immigrants who settled on these islands nd then loft 
for other countries, leading « restless life, Similar traditions exist 
among the Marquesins, Hotu-matua, the discoverer of Easter Island, 
and his followers may well haye represented n defeated tribe or a 
junior branch of the Marquesas or Mangareva, 

‘What remains today of their work is evidence of the beauty and 
greatness of their isolated civilizution, revealing the vigor and audacity 
of these Polynesians who spread over what seem once to hava been 
tho happiest islands on earth. 
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BRAIN RHYTHMS* 





By HD, Abntax, OM, BR. 8, 
University of Cambridgo 


In 1929 Prof, Hans Berger, of the Paychiatrio Institute at Jena, 
published the results of some work on which he had been engaged for 
many years. Ho had set out to record the electric currents devel- 
oped in the human brain, and had shown thut if metal electrodes were 
fixed to the scalp, it was possible to detect w regular oscillation af elec- 
trical potential which wis not due to muscles or skin glands or any 
other source outside the skull, and could only have come from the 
nerve celle of tho cerebral cortex. The oscillation had a frequency. 
of 9-10 n second. Tt only appeared when the subject was at rest with, 
attention relaxed and eyes closed; but it obviously represented some 
kind of continuous activity in the brain covering s fairly large aren. 
What he discovered was then quite unexpected. Tt has miade us revise 
toany of our ideas about the brain and has bronght usa little nearer 
to understanding what goes on in it, 

‘The oscillation, Berger's « rhythm, represents a very small change 
of potentinl, about 60 microvolis, and » very small ebb and flow of 
current in the cerebral cortex, There is nothing unexpected in the 
fuct that brain cells develop small currents when they are wctive, for 
all active cells do ¥o, ‘The unexpected thing is the regularity of the 
rhythm. It is true that if it were not so regular it might never have 
been detected, but the regularity means that large numbers of brain 
ells must be working in unison at the same rate. We should have 
expected something much more complex and variable—activity vary- 
ing from moment to moment and from place to place—and not the uni- 
form pulsation shown in a typical record of the electroencephalogram, 

‘We should have expected this because the brain is a great sheet of 
norve cells and interlacing nerve fibers, and its working must depend 
‘on the spatial distribution of activity in it. This is determined by 
the particular pathways which must be taken by the incoming and out- 
going messages, for the messages are all in the same form wherever 
they come fram and it is because they arrive in different regions that 
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we interpret one us sight and another as sound, We know, for exum- 
ple, that if one looks at n bright cross, the initial event in the brain 
‘will be the activation of « more or less cross-shaped area at the back 
of the occipital Iobe, und that if one heats a sound « pattern will be 
reproduced in the temporal lobe corresponding to the areas of yibra- 
tion in the cochlea. All the external events of which we are aware 
are recorded as spatial and temporal patterns of excitation in the sense 
organs, ‘These patterns are reproduced in the brain with » good deal 
of editing, omission of details and heightening of contrasts, and it is 
from them that we reconstruct our external world. 

Now the « rhythm of the electroencophalogrum comes from large 
‘reas in tho occipital region and to some extent from the frontal wren 
as well. At first sight this seems to leave little room for all these 
diverse patterns of electrical activity. But actually the regions where 
tho potential change is at » maximum aro not those where the messages 
from the sense organs ure received in the brain, but are the hboring 
“silent” or “association” areas. Also, to make the rhythm appear, the 


Aun nti nayt 


1 SEC. 


Prove 1—Normal electroencophalogeam showing the a rhythm. ‘The maximum 
Potential chanigo tn 45 microyolty, 








eyes must be closed and the attention relaxed, so that the brain is rela- 
tively inactive, at least 80 far ns vision is concerned, ‘Thus the regular 
wave sequence is derived from certain parts of the corebral cortex 
when these haye little to do, ‘The cells there are not concerned with 
the incoming signals and so will bo free to beat in unison, and if fairly 
large nreas are so beating our records from the head, will show the « 
waves and will not show tho small local irrogularities which are prob- 
ably going on all the time so long as we are conscious, 

‘The cells of the cortex might beat like this when they are left alone 
hecausa this is how they are made; because like heart muscle or cili- 
ated cells they cannot remain alive and inactive; or the beat might be 
imposed on them by rhythmically active calls in gome other part of the 
brain which can act as pacemaker to the associntion areas, Wherever 
the pacemaking region may be, the important fact is that the rhythin 
is much the same from one person to another. For clinical purposes, 
therefore, an electroencephalographic recording can be used as an 
index to show whether the brain is working normally or not, and for 
this reason it has become an important technique of clinical neurology. 
Apart, however, from the value of these records as x means of ding- 
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nosis, there is the problem of their significance in relation to the 
normal mechanism of the brain and of the mind. Do they tell us 
anything about the neural necompaniment of perception and thought! 

‘The statement that one can tecord the electrical activity of the brain 
through the skull raises the hope that one should be able to detect all 
sorts of brain events connected with consciousness. The hope begins 
to fade when it is realized that the main feature of our records in = 
rhythm from nerve cells which are relatively inactive, But there is 
something of interest to be learned from them, It is true that we 
cannot yet record the detailed nctivities of different parts, ‘but only 
the gross changes when a whole area goes into action; yet these do give 
us some novel information about the physical accompaniments of 
thought nnd in particular about the process of nttention. 

‘To begin with, it seemed that the «rhythm was much less interesting. 
Tt might have beon merely a spontancous beat of the nerve cells in 
parts of the cortex, particularly those concerned with vision—n bent 
developing whenever the cells were not stimulated by messages from 
the eyes. Opening the eyes would break up such » rhythm in the 
receiving area, because the visual pattern there would mean that dif. 
ferent groups of nervo cells would be dischurging at different frequen 
cies, Something of this kind can certainly happen in the regiona 
where a message enters the cerebral cortex, for in recarls from the 
exposed brain (in anesthetized animals) the arrival of a message in 
the receiving area produces small, rapid waves in place of tho slowar 
and larger « rhythm, But the « waves are not confined to the 
receiving areas of the brain, and it can be shown thit in fact the 
presenco or absence of messages from the eyes is not the essential 
condition for the disappourance or return of the « rhythm, 

“As far as vision is concerned, what really determines the presence oF 
absence of these waves is not whether visual messages are or are not 
coming into the brain, but whether we aro or ore. not attending to 
them—whether we are looking at anything, Man is « visually con- 
trolled animal, and if our eyes are open there is ususlly something in 
tho visual field which catches our attention or some part of it, ‘This is 
not tuo for all mammals; the rat and the eat seem to rely more on 
other senses atid can be quite inattentive to sights. But with us the 
only sure method of shutting out sights from the mind is to close the 
yes. Normally, therefore, opening the eyes means that we start Look 
ing, or that we become attentive to the visual field. ‘Tho « waves then 
disappear, and thay return when we eloge our eyes and cease looking. 
But shutting the eyes does not cut out all light from. ‘the retina, and the 
rhythm appears in the brain however much or Tittle light may be 
falling on the closed lids, ‘Even in a pitch-black room, if we open our 
‘eyes and start trying to see something, the rhythm goes, although open- 
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ing the eyes cannot have altered the illumination of the retina. Sooner 
or later, when we have given up the attempt to see, the waves will 
return although the eyes are still open, 

‘What matters, therefore, is not the excitation of the retina but the 
turning of attention to the visual field or away from it. ‘This can be 
shown even more clearly in another way. In daylight and with tho 
‘eyes open, the attention ean rarely be abstracted completely from 
Vision except for short periods; something keeps on “eatching the eya" 
and coming into the mind, even though we have most of our attention 
fixed on other things, a sound or a smell, for example. ‘The reason why 
the visual field cannot be completely ignored is that the picture of it in 
our brain has patterns and sequences which arouse interest by recalling 
memories or starting some new train of activity. But if wo can make 
the visual field convey less meaning, it will cease to be 80 attractive 
and our attention can leave it more easily. A simplo way of securing 
this ix to wear spectacles which will throw everything out of focus 
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TO.VISION HeaRle VISION 
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Pious 2—The » rhytii appears when the attention fx trunaferred from vision 








Jo bonring. Tho vinuat old han been mnde unattractive by +10 D epootacies, 
‘Diring the middle section of the record the attention Ix concentrated on the 
tick of wate. 


When this is done, although the eyes remain open, the « rhythm will 
appear much more readily than when the visual ald is in its proper 
focus. With tho field blurred, wo have only to listen intently to a 
sound and the « waves will begin, to ceaso again if we transfor our 
‘attention back to vision, Here, too, there has been no change in the 
illumination of the retina bat only the shift of attention. It may be 
noted that it is not only the intellectual interest of the field which holds 
our attention. Any movement in itor any sudden change of ilutii- 
nation will do so; and there {s # great variation in the wbjlity of differ- 
ent persons to detach the attention from vision, and in the same person 
at different timex. 

All this shows that the « thythm is an activity which appears in the 
cerebral cortex when the attention is not directed to vision, and dis- 
appears when it is, ‘The mental act of looking somehow prevents the 
« waves from developing in tortain parts of the brain, parts which are 
likely to be concerned in analyzing the visual pattern, ‘The « rhythin 
isthoreforon rhythm of inattention, « positive activity which fille those 
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parts of the cortex which are for the moment unemployed. Tt is not 
the basic rhythm of unstimulated nerve cells, and there must be some 
kind of competition between the message from the eyes and from the 
source of the a rhythm to decide which stial! contro! the cortical areas, 

‘To examine this competition in more detail, we must have some way. 
of recording the sensory avtivity of the brain as well as the « activity. 
All the messages which reach the cortex will produce their own eloo- 
trical accompaniment, and this can be recorded well enough if elec 
trodes can be placed on the surface of the brain. But if we can get no 
nenrer than the scalp, the potential changes generated in any group 
of norve cells will ustially be obscured by those of other groups nearby, 
‘and tho record will then show us nothing. Fortunately this difficulty 
can be overcome, in part at least, by making all the cells work in unison. 
‘This can be dono, us far as vision is concerned, by milking tho fleld more 
or Jess uniform and lighting it with # flickering light. ‘The nerve cella 
are then forced to work in unison at the frequency of the flicker, and 
we can record their electrical activity through the skull up to fre- 
quencies of about 80 a second. ‘This gives us a method of tracing (he 
vimual messages in the brain, for by means of the flicker rhythm they 
ean be made easy to recognize, 

Providod thnt the flickering srea is in the center of the visual field, 
ft need not subtend more than a few degrees at the eye to give 
potential oscillation at tho saine frequency in the occipital region, ‘The 
‘waves aro more or loss where one would expect them to be, in the right 
oodipital region if the left half of the field fMckors, and vice versa. But 
the flicker waves are not confined to the visual receiving area: they are 
found also in the neighboring areas, thow from which the « waves 
come whin the eyes are closed, The flicker area is not so large ax the 
‘urea, but on occasion as much as a quarter of the brain surface seems 
to prilkaty with the flicker rhythm, ‘The retinal messages must then 
havo aproad widely and impressed their rhythm on sore of the asso- 
ciation areas of the cortex, 

Now if the eyes are open, the flicker will keop the visual attention 
engaged wnd tho « rhythm wt bay, But if the eyes ate closed and the 
flickering light is thrown on the closed lids, the subject will be con- 
scious of the flicker but the conditions will favor the « rhythm, since 
clostteo of the oyos is usually coupled with the withdrawal of attention 
from vision. Th these conditions the two rhythms can be sven to com- 
pote for the cortex, and sometitnes to eoopernte if their frequencies 
allow of it. ‘Tho flicker rate will sometimes appeir in patches with 
the @ rato in between, and if a rapid flicker is turned on suddenly the 
area of the brain giving the flicker rhythm may be large at first and 
may thon shtink rapidly, giving place to the « waves lit persisting 
longer in regions nearer the visual area, If the flicker is made equal 
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to or twice the « rate, we may find the two summing up to give very 
large regular waves. Such a combined rhythm usually takes some time 
to build up aa the two sots of waves lave to be synchronized, but there 
is evidently an interaction between them and a tendency to remain 
synchronized as long as their frequencies are not too far upart, These 
‘wave effects vary from one subject to another and there are variations 
according to mood, time of day, ete.; in general, the sleepier tho subject 
the more the « rhythm will predominate, and the brighter the flicker 
the more persistent will be the flicker rhythm. 

‘The interaction and interference of these rhythms shows how the 
cortex, or certain parts of it, may be put at the disposal of our atten- 
tion. If wo decide to look, or if it is decided for us by something 
“catching our eye," a change occurs which prevents the « rhythm 
from occupying the regions surrounding the visual receiving uren. 


AWN Aceh 
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FLICKER 
‘Fiouns d—Hlectronncephiilogram trom the ocetpltal region, showing the change 
from the « rhythm to the flicker rhythin when the eyes are openied and the with- 
Jeet toukee ata wereen HC by « flickeelng Ught, "Tho rate of flcker (17 « wecond) 
In atiown by the photoelectric call record below. 


Tf we can turn our whole attention to « wateh ticking, the « rhythm 
comes back. What brings this change about? 

The evidence is still rather scanty. It is likely that the whole of 
the cerebral cortex is concerned, in that it is the balance of activity 
in every part which determines where the attention will (urn and 
how Tong it will be held in ono field; but the exocutive act, the direc: 
tion of the attention to the particular field, is probably carried out 
by a relatively small central region in the neighborhood of the thala: 
mus and near the main incoming pathways. It ia from there that 
the « rhythm seems to be controlled, and it is at least probable that it 
is. the sudden disturbance of this region which causes the loss of 
consciousness after n blow on the head. This ventral directing 
region must act on information received from the cortex, for it will 
bo all the memories and associations stirred up by » stimulus 
which will determine its interest, and these are presumably not 
aroused until the inessage his reached the cortex. But the central 
region must balance up the conflicting claims of different stimuli and 
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must then decide which should have the main share of the attention, 
its fonction resembling that of a central university committee which 
as to decide which branch of learning should be supported by the 
next benefaction. 

‘The visual stimuli always get the lion's share. If they are at all 
interesting, the central region will suppress the rhythm over the 
occipital area, so that the visual pattern has a considerable part of the 
cortex set free for its analysis, When the visual pattern ceases to be 
interesting and the attention is directed to sounds or other sensory 
moasages, the occipital lobe is not turned over to those but is filled 
again with the @ rhythm, ‘This is shown very clearly in records in 
which the visual waves are made recognizable by the use of m flicker 
ing light, and if the flicker happens to be at twice the « rate n partial 
diversion of attention will be enough to give the large compound 
waves at the « frequoncy. 

‘Apparently tho occipital part of the brain is used to analyze sights, 
and sights only. What parts deal with the patterns aroused by 
sound and touch wo cannot yet say. ‘The arens seem too small to be 
easily detected, and must certainly be much smaller than tho areas 
which deal with vision. On the other hand, « concentrated mental 
6ffort may sometimes abolish the « rhythmn although the eyes remain 
shut, Presumably in this casa the whole of the « area may be turned 
over to nonvisual activities, 

There are still many gaps in the evidence, bat there is much to 
support the view here put forward, namely, that there is « deep- 
seated part of the brain which contains the mechanism by which 
‘attention is directed one way or the other, and that the « rhythm is 
under the control of this region, if it is not directly produced by it. 
If this is so, it is not difficult to understand that abnormalities in the 
‘a rhythm are often associated with abnormal kinds of behavior, The 
most valuable application of the electrosncophalogram in medicine 
is in the localizing of diseased regions and tumors of the brain by the 
change in the character of the waves. Another is its use in detect- 
ing the sudden explosive discharges of the nerve cella which occur in 
tho brains of epiloptics. But quite npart from such obvious disordor 
‘of the brain calls, the clectroencephalogram may show an « rhythm 
‘which is definitely abnormal, irregular, faster or slower than usual 
‘or with odd-shaped waves, and in a significant proportion of the 
subjects who give such records there are nbnormalities in the mental 
‘or emotional sphere which may be serious handicap. There are, of 
course, many factors besides the constitution of the brain which de- 
tormine whether we react like our fellows or not, but the brain is a 
not unimportant factor and the electroencephalogram seems to offer « 
means of assessing some of its deviations from the normal. It re- 
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mains to be seen whether its use for this purpose will have much 
pructical value: at present the most that can be-said is that if we 
had to appoint someone to a responsible post and had an unlimited 
ficld of candidates, it would be safer to exclude the 5 percent whose 
¢lectroencephalogram showed the most unusual features, 

‘That is a very lang way from suying that the electroencephalogram 
an tell us how the subject will think and act. In fact the information 
which it gives relates to n very limited field, But the limitation 
arises mainly from the fact that we can only record the gross effocts 
and not the detailed patterns in the brain. With present methods 
the skull and the scalp are too much in the way, and we need some 
now physical method to read through them, We need the “patent 
double million magnifying gas microasopes of hextra power” with 
which Som Weller thought he might be able to seo through “a flight 
o} stairs ands deal door.” In these days we may look with some 
confidence to the physicists to produce such an instrument, for it in 
just the sort of thing thoy can do; but until it is available we have to 
vonfoss, with Sam Weller, that “our wision's limited.” 








THE DEVELOPMENT OF PENICILLIN IN MEDICINE? 





By H.W, Puoucr and B, Oma 
Ozfort University 





Discovery of the chemotherapeutic effects of penicillin has excited 
yridespread comment in the Iny as well as the medical press. A first- 
hand account of how this substance waa introduced into medicine 
muy, therefore, be of interest, 

‘Tho phenomenon of the inhibition of tho growth of one micro~ 

hy another has been known for more than 60 years, for 
Pasteur and Joubert in 1877 noted that anthrax bacilli were pre- 
vented from growing when certain other organisms were also present 
in tho culture medium. ‘To them is credited the first suggestion of 
using this antagonistic property of bacteria for curative purposes. 

Since this fundamental ghservation, many examples of the samo 
phenomenon—valled microbial antagonisin—have been recorded, 
Tn many cases tho inhibitory effect of one microbial species on another 
is due to metabolic products formed by the antagonist. ‘These prod 
ucts have recently been termed “antibiotics.” 

‘The earliest attempt to introduce antibiotics into medicine was 
made by Emmerich and Liw in 1898, ‘They extracted an impure 
material, which they termed “pyocyanase,” from old culture filtrates 
uf Pacudomonaa pyooyanca and showed that it had the property of 
catining death, of lysis, of eome of the bacteria which enn cause diseuse 
in mas. ‘They recommended pyocyanase for the local treatment. of 
various infectious disenses, but it did not come into general use, 
although apparently it. was on sale in Germany, until at loast 1986. 

"The only other serious attempt to utilize antibacterial products for 
combating infection in man hing been the employment, of gramicidin, 
obtained from cultures of Bacillus brevis, This powerful substance 
was discovered by Dubos in 190, and although it is far too toxic to 
inject into the blood stream it can be used for application locally to 
infectad wounds, 

In 1099 Alexander Fleming noticed that colonies of staphylococei 
growing on un agar plate were undergoing lysis in the neighborhood 
of u contaminating mold colony. Most, bacteriologists would have 
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passed this over, but Fleming, an acute observer with a special inter- 
est in antiveptics, subcultured the mold for further investigation, 
From its descendants all the penicillin in the world was produced 
until recently. 

‘The mold wus identified as Penicillium notatum. Fleming culti- 
vated it in a liquid medium, peptone broth, and found that it pro- 
duced in the broth a substance capable of inhibiting the growth of 
many dangerous germs, even when diluted 800 ries ‘The active 
substance he named penicillin. He noted that broth containing 
penicillin was not more toxic when injected into rabbits and mice 
than pure broth and that it did not appear to be harmful to the white 
cells of the blood, 

‘As n result of this, he suggested that penicillin might be a good 
antiseptic to apply to septic wounds, and indeed a few cases were 
40 treated. Ho concluded that it certainly appeared to be euperior 
to dressings containing potent chemicals. ‘The ‘observations, how- 
ever, were not carried further, though Clutterbuck, Lovell, and Rais- 
trick made an attempt to extract the active material, As a renault 
of their work they concluded that penicillin was extremely unstable, 
and they did not pursue the mutter. 

In the succeeding years no further interest seems to have been taken. 
in its chemical properties or its possible application to medicina, 
though Floming continued to use the crude culture medium in the 
luboratory as  teans of suppressing the growth of certain kinds of 
bacteria in mixed cultures. 

In 1929 one of the present authors, H, W. Florey, started work on 
the antibacterial substance lysozyme—another discovery of Fleming's, 
‘This substance was first discovered in egg white but is widely distrib- 
uted in nature, Tt has the power of dissolving or killing certain spe- 
cies of air bacteria, though it has, unfortunately, no effect against 
bacterin causing disease in man. 

‘The work on lysozyme was carried on until its purification (by 
‘Roberts in 1936) and the elucidation of its mode of action as a - 
hydrate-splitting enzyme (Meyer and associates, 1936; Epstein and 
Chain, 1940). During the later part of this work, in 1938, the present 
‘writers decided to undertake # systematic investigation of the anti- 
bacterial wubstances produced by bacteria and molds, about wliose 
‘chemical and biologic properties little was known. 

Although the reports suggested that penicillin was an unstable sub- 
stance, it was among the first chosen for investigation, since it seertied, 
likely to be of considerable biochemical and biologic interest, In 
particular, it was active against many organisms causing the most 
destructive lesions in man, including staphylococcux Fleming, 
Clutterbuck, et al., reported that under suitable conditions penicillin 
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activity was retained in the culture medium for some weeks. ‘This 
suggested that, if appropriate conditions could be found, the extruc- 
tion of penicillin from the culture medium and its purification would 
be possible. 

For work of the scope envisaged it was apparent that results would 
bo obtained most quickly by a team of workers, and we have ben par- 
ticularly fortunate in our collaborators. Dr. N. G. Heatley devised 
fa simple and quick quantitative assay method which has proved in- 
‘valuable in the elaboration of purification processes for penicillin and 
in similar investigations on other antibiotics. He also designed and 
constructed the first large-veale Inboratory plant for growing the 
mold and extracting penicillin, Dr. A. G. Sanders later devised 
‘and built-alternative apparatus for the extraction of penicillin on a 
lurger scale. Prof. A. D. Gardner of ‘the Department of Path- 
ology, Oxford, collaborated throughout on the bacteriologic aspects 
of the work, ‘The biologic investigations were carried out by H.W. 
Blorey in collaboration with Dr. M. A. Jennings of the School of 
Pathology, Oxford; the chemical and biochemical investigutions by 
B, Chain in collaboration with Dr, E. P, Abraham. ‘The ‘therapeutic 
trials on man were conducted first by Dr. C. M. Flotcher and Inter 
by Dr. M. E, Florey, with the help of many physicians and surgeons. 

Tt was established that penicillin was an acid of low moleculiur 
weight, which was stable in water, In an acid medium, it was found 
to bo quickly destroyed, It could, however, be extracted by various 
organic solvents, such us ether, chloroform and amyl acetate, from 
acid solution and was found to be quite stablo in these solvents. 

From the organic solvents it could be re-extractod into water by 
tho addition of the right amount of ulkali. Little loss of antibac- 
terial activity occtirred during these operations provided they were 
carried out quickly und tho solutions were kept cold, ‘This transfer of 
penicillin between aolvents and water has become the basis of all the 
foxtruction processes tsed on w large scale by commercial firms. 

By repeating the process geveral times and. varying the solvents, » 
considerable purification and concentration ‘of ponicillin is nchieved, 
On drying the final solution from the fronen state « preparation of 
penicillin is obtained in the form of 0 yollow powder which keeps ite 
antibacterial activity unchanged for a long time, ‘Though chemically 
still very impure—these preparations contain only about 10 to 20 
percont of pure penicillin—the antibacterial power is great. They 
contain about 100-200 Oxford penicillin units per milligram, which 
‘moans that when diluted from 1 part in 6,000,000 to 1 part in 10,000,- 
000 they prevent tho growth of staphylococsi. Preparations of this 
degree of purity can be used for all clinical purposes. 
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Further purification presented a harder problem, since penicillin 
is unstable toward many reagents normally tised for purification pur- 
pases. It is unstable in dilute ncids and alkalis und ix destroyed by 
Muny metals, such as copper, cadininm, zinc, and mercury, and by 
primary alcohols and oxidizing agents such as potassium permanga- 
hate. This severely limited the selection of methods for purification, 
but penicillin preparations which are almost pure have now bean 
obtained, 

‘The purest material obtained in Oxford line an activity of about 
1,000 units per milligram, corresponding to an inhibitory. power 
against the staphylococcus of about 1 part in $0,000,000, Pure crystal- 
line sodium penicillin has been obtained. It contains about 1,670 Ox- 
ford units per milligrmm. By international agreement the Interns- 
tional Unit is the specific penicillin activity contained in 06 
microgram of pure penicillin II (or G). ‘The unique feature of 
penicillin, when compared with other antibacterial substances, is 
that it combines this astonishingly high untibucterial activity with 
4 very low toxicity, An amount several hundred times greuter than 
the therapeutic dove can be injected intravenously—into mico—with 
out any noticeable toxic effect. 

This Inck of toxicity 4s also observed with less pure preparations, 
and it-may indoed be counted ns extremely fortunate that none of the 
‘humerous contaminating substances eatises Kurmful effects, even whin 
the dose of penicillin is lange—far beyond that necessary for thera 
peutic purposes, For this reason it is unnecessary to subject poni= 
cillin to the elubornte and diffienlt purification processes before it can 
bo used for clinical purposes, 

Aftor the low toxicity of penicillin hnd been demonstrated on mice, 
‘more extended study of its biologic properties was undertaken. Tt 
Was shown that a concentrution at least « hundred times grvnter than 
that necessary to stop the growth of sensitive bacteria was harmless to 
the white cells of the blood and to tissue cells grown in glass vessel, 
‘The very low toxicity of penicillin to the white cells of the blood was 
Of particular importance, ns theso cells play an important part in the 
Aefense of the body aginst invading bacterin, which they have the 
power to ingest and destroy. 

Further research has shown clearly that when bacteria are put in 
hutrient media in which they ean divide, then penicillin will killithem, 
Tf they aro in such x condition thnt they eannot divide, then penicillin 
does not kill them, 

Te was further shown that penicillin is readily absorbed from an 
intramuscular or subcutaneous injection and from the small intestine, 
Once absorbed in sufficient quantity, a simple test demonstrates that 
it is present in tho circulating blood. Unfortunately it cannot be 
Biven by mouth, because the acid of the stomach would destroy it 
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before it reached the intestine. It does not pass from the blood into 
the cerebtospinal fluid. Penicillin was shown to be rapidiy excreted 
in the urine, the bile, and to some extent in the saliva of animals. In 
‘mun aleo, excretion in the urine is very rapid, and this explains why 
the doses have to be not only large but frequent. To keep « high con- 
eontration of penicillin in the blood is like Billing w bathtub with the 
plug out. 

‘Another important observation was that the antibacterial action of 
penicillin is not diminished in the presence of blood, pus; and tissue 
vonstituents. ‘This is in sharp contrast to the sulfouamide group of 
drugs, whose activity is much lower when pus is present, and which 
therefore have relatively little effect in suppuration. 

‘The di fucing bacteria which are affected by penicillin 
make xn impresive list. Many of them ure sensitive to just as high « 
Hilution as the staphylococcus. Some are present in nearly every war 
‘wound, 9 that the interest of the armed forces in penicillin is readily 
Inderstood.. ‘This list is by no means complete. ‘There have been 
Come additions to the list of sensitive organisms, the most important 
of which—the Treponema pailidum—is that causing syphilis. ‘This 
sneans that syphilis becomes one of the diseases which can be treated 
hy penicillin, 

‘Seunitive: 
‘Stvuccdecs (chilairth fever and many eases of serious sale). 
Btaphylococcus (bolls, carbuactes, ‘and serious Infections of bone and other 
orn) 





Bocterta affected by penicillin 


Diphtheria bacttiua, 
‘Accinomyees (woody tongue” of extile and somtimes husonn dlscaxe): 
‘Tetanus bacttlon. 
Racl} of gas gangrene 
4 


Gonoeocens ) 
‘Meningococetm (spotted fever). 
Partially sensitive: 
bactttan. 
Gaertner’s tucitls (food polsoning). 
‘Wibtia Ki "Tor (cholers-like disense)- 


‘Brocelin, (andalant fever). 
‘Colon bectitus snd related organisms, 

By all hese methods poniillin was shown in the Inboratory ta be 
tan extremely powerful antibacterial agent with low toxicity. |The 
proof that it had chemotherapeutic properties, that isto say, that it 
Pal cure disease in living creatures, was also first supplied in the 
Tnborntory by what are known as““mouse protection tests.” Mite were 
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infected with bacteria which would certuinly cause their death unless 
some successful treatment could be ziven, 

Streptococcus, staphylococcus and Clostridium septioum—a gus gran- 
grene producer—wvere all used on group of mice, and in each ease 
adequate doses of penicillin gave complete protection without any 
toxic effect on tho animals, A new chemotherapeutic drug lind been 
discovered, 

‘The whole of the work on penicillin has been dominated by lack 
‘of material. ‘The mold produces very small amounts of the active sub- 
id it is a formidable job to grow it on large enongh scale, 
In addition, the penicillin may be lost if the bacteria universally 
presont in the nir contaminate the culture, for they produce a ferment 
which destroys penicillin, A man is 9,000 times lurger thun a mouse, 
and many months elapsed between the teial on mice and the first 
injection in » man, while we struggled in the laboratory to produce 
enough mate 

‘The first injection of « small quantity of crude penicillin into man 
showed thnt something was present which caused 1 rise of temperature, 
Fortunately, this pyrogenic substance was an impurity and not the 
Penicillin itself, and further chemical purifleation removed it. 

Tn the first two patients over treated the amount of penicillin re- 
qqiited was underestimated, and though improvement ocourred, the dis- 
fase was not cured, und there was no more material with which to 
proceed. However, these two patients gave # good indication of the 
iunount required. 

Tehus boon possible to find out the dosage and mothod of administea- 
tion, and with this knowledge it has proved possible to produce striking 
results on even the most serious cases of diseaso due to staphylocooet 
and other orgonists. 

‘This ourly work in Britain has now boon fully confirmed in the 
United States, and thero ecems little reason to doubt that penicillin, 
with the further developmental wore which in being undertaken evory- 
where, will fill an important place in medicine for the treatment of 
tnany infections. We are only at the beginning of its exploitation; 
further progress demands greatly increased supplies, Though no 
doubt a great deal will be produced from the mold, it is to be hoped 
that chemical progress will be such that penicillin, and evon better 
substances than penicillin, may be produced in real abundance by 
synthetic processes.’ 

‘When plentiful supplies are available it should be possible to treat 
those disenses which can be controlled by penicillin at the earliest 
Possible moment instead, us is so often the case now, of using the 
drug as 4 last resort. When this may be done, an enormous amount 
of temporary snd permanent disability, and even death, may. be 
voi 


* Hote nde’ hy suthor June 1045: This poxttion kes now been retched. 














RECENT ADVANCES IN ANESTHESIA? 





By Joux C, Kusnra JW 
Department of Pharmacology, Shoot of Medicine, 
Dniversity of Maryland, Baltimore, 3d. 





INTRODUCTION 


sevforning tn the yhote realm of human effort ha» over contributed ea much £0 
‘human comfort ae the discovery of modern ancat et” 


Pain and discomfort aré the arch enemies of man. ‘To escape them 
and effectuully combat them, he bas ransacked the entire earth to find 
drugs to bring him « surcease of pain, During the middle of the 
sixteenth century Ambroise Pant operated without anesthesia, except 
for the administration of French wines, which would produce an 
alcoholic stupor. Only 120 years have passed sinco Ephraim Me- 
Dowell removed an ovarian cyst from Mrs, Jano Crawford in Dan- 
ville, Ky,, without any anesthetic agent. Ske was then 47 years old 
and lived to see her seventy-eighth birthday, ‘It is difficult for man 
today to appreciate the excruciating pain suffered by surgical patients 
in the proanesthetic days and, further, mo one can with certainty osti- 
imate the impediment to surgical progress that the absence of 
anesthesia produced. 

NUPROUS OXIDE 

Joseph Priestley, tho discoverer of cxyien, prepared tho first gen 
erally accepted anesthetic, Priestley was a Unitnrian ‘minister in 
Birmingham, England, In the congregation of this brilliant ‘scien- 
Hist-clergyman were three illustrious met Watt, who discov- 
cred the powar of steam and holds the a 
of [ites Erasmus Darwin, brilliant scientist and skilled clinician 
‘whose grandson, Charles, established a new order in biology; and 
William Withering, “Flower of English Physicians," discoverer of 
the uso of the purple foxglove in edoma of cardiac origin, In tho year 
1778, Joseph Priestley made nitrous oxide. To him it was a new 
hemtieal eompound, a gus whodo physical properties should be inves, 
tigated, Priestley was ‘unconcerned with its biological effects: and died 
in Northumberland County, ‘Pennsylvania, not knowing that nitrous 
oxide would confer n blessing of inestimable magnitude upon moa, 

"Acquarter of n century passed. Sir Humphry Davy, ‘brilliant Eng- 
Tish chemist and physicist, mado “Priestley's gas.” Tt was then desig 
vated in chemical reparta as “depiilogisticated nitrous gas.” Davy 

Tmeprinied ty permieson tron the Zoernat of the Amertoun Pharmaceatenl Amaia, 
Selenide ton, vol. 82 No. 13, November 1948. 
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inhaled nitrous oxide and observed w period: of great exhilaration 
with an increase in pulse rate. In a letter to one of his friends he 
wrote: “Tdanced around my laboratory likes madman.” But further 
than this Davy observed that continued inhalation of the gas would 
produce insensibility to pain. In fact, Davy anesthetized certain of 
his friends to unconsciousness with nitrous oxide. On July 3, 1798, 
Mr, Wedgewood called on Davy and he used nitrous oxide on him, 
He recorded in. great dotail his experiences, which read, in most re- 
spects, like u patient's account of losing consciousness nnder nitrous 
oxide, Davy suggested the use of nitrous oxide in medicine, but 
nothing was done about it, 

‘The scene shifted to America. In Hartford, Conn., on December 
10, 1644, G, Q. Colton was delivering a lecture on poptilar science, 
Among the experiments performed by Colton was the apparent hyp- 
notism of cortain members of the audience, presumably by means of 
his gesticulations. Meanwhile one of Colton’s associates engulfed the 
individual in nitrous oxide, This made effective the hypnotic urt of 
Colton, That same afternoon, a dentist. whose name was Horace Wells 
was in the audience. He aw one of the people swoon, fall and hit his 
leg violently against « chair, without apparent sensation of pain. 
‘Through his scintillating intellect flushed the era of painless dentistry. 
‘The next day. Wolls porsuaded one of his dental colleagues, Dr. Ri 
to extract one of his teeth, while under the influence of “laughing 
gas.” Wells did not whimper. Tho first. stop in man’s redemption 
from pain had been tal Wells cid not succeed in establishing 
the widesproad use of his new anesthetic agent. In Boston, where he 
endeavored to emplay it, the gas bag failed most. inopportunely, and 
‘Wells was hissed out of tho room as a mountebank and charlatan. 
When death came prematurely to Wells, he did not realize what 
tremendous and far-reaching influence his observations would have 
upon the comfort and even the destiny of the race. 

‘This present decade, therefore, marks 100 years of wo of nitrous 
oxide ns a general anesthetic. During this period its popularity has 
waxed and waned, and during the last two decades the gas has defi- 
nitely established itealf for the smooth induction of sther-oxygen 
anesthesia, . 

Nitrous oxide is a colorless, odorless gas which is alleged to possess 
a sweet taste, The gas supports combustion only after the disinte- 
gration of the molecule into oxygen and nitregen, Seeds cannot ger- 
minate or plants grow in at atmosphere of nitrous oxide. Nitrous 
ide is very soluble in water, from two to three volumes af nitrous 
oxide dissolve in one volume of water. It is, howover, like other gen- 
eral anesthetics, mors soluble in oil than it is in water, Blood will 
dissolve a large volume of the gas. ‘The gas does not combine with the 

in. Owing to its greater solubility in oil than in water, 
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the gas ns itis curried by the blood to the central nervous system par- 
titione itself ont of the blood into the lipids of the eentral nervous 
im producing narcosis. Induction is protpt, nanvosis oocursngg 
within 1to@mimutes, Anesthetists have set forth the following effects 
from the inhalation of various concentrations of nitxous oxides 
MOn Os 
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Like many other volatile anesthetics, nitrous oxide enters the body 
and leaves it unchanged. In other words, itis refractory to cutabolizm 
by biological processes. Its wnesthetic action uccording to modern 
concopts is apparently due to the production of a reversible oxygen- 
‘rant in the antral nervous system. By means of drugs hypoxia of 
the central nervous system can be produced by at least three 
mpchanisms. 

4s Formation of carbonyl hemoglobin (carbon monoxide 


Poi ). 
2, Innetivation of the oytochrome oxidase in the cells (cyanide 








ng) 
}. Inactivation of the cytochrome reductase in the cells (narcowia~ 
nitrous oxide, ether, chloroform, ete.) 

Substanves used clinically as anesthetics affect the cells of the central 
nervous system according to the third coneept but, in addition, they 
taxhibit the property of xifecting, first, the culls of the cerebral cortex} 
second, those of the spinal centers; and, Jast, the cells of the vital 
medullary conters. 

Tnexplvwibility, safety, and availability are factors which give 
nitrou oxide n place of preeminence among the volatile general 
anesthotics. 

erHYL ECHR 

Crayford W. Long of Georgia used ethor as it genoral anesthotic 
in 1842. Ho was familiar with some of the pharmacologic effects 
Uf ether nnd in defferson County there were many “ether frolics” 
which resembled modern parties of inebrintes. He used ether also 
to deaden pain in the reduction ‘of fractures and on Jaines W. Venable 
to permit the surgical removal of a growth on the back of Tis neck. 
Unfortunate it ix indeed that Long did not publicize his observa 
tion for apparently the fret paper published by Tong on ether ap- 
peared ity 1849, 5 yours after ‘Wells work with ritrous oxide, and 
$ yeary after Morton's ‘demonstration of the use of ether in Boston. 

Tn Boston, 4 chemist named Jackson suggested the use of ether 
ton dentist named W. T. G. Morton, who was a pupil of Horace 
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Wells. Morton persuaded Dr. J.C, Warren, son of Dr. J. M. Warren, 
associated with General Putnam st the Battle of Bunker ‘Hill, 
to permit him to use ether on one of his patients, On October 16, 
1846, in Massachusetts General Hospital, Morton began the admin. 
istering of ether to Dr. Warren's patient,’ From that operating room 
reverberated that memorable statement which has echoed down 
through the decades, “Dr. Warren, your patient is now ready.” Dr. 
Warren commented that this was no humbug. Mr, Abbott, the patient, 
Was fast nsleep, Ether had found its place. 

Shortly after this, Oliver Wendell Holmes, in a letter to Morton, 
conveyed the fuct that he had assigned a generic name to ether and 
all such agents, He commented on the importance of n proper sulec- 
tion of a namo, for Holmes held that it would be on the lips of 
every porson of all races who in time to come would dwell on this 
Planet. He coined the word “anesthesia” from the Groek Auodqors, 
Perception, and the & negative, namely, without perosption. Echyl 
ether is the most generally used of all volatile anesthetics, Ita mode 
of action is like that of nitrous oxide. It is not decomposed in the 

but its prosonce in the cella of the central nervous system pro- 
duces insonsibility to pain and » hintus in conseiqusness, Ether re- 
quires 6 to 8 pement concentration in the inspired air to produce 
anesthesia, During surgical anesthesia the concentration in the blood 
is upproximately 150 mg. percent, ‘The blood pressure remains ¢8- 
sentially normal, respiration full and regular during ether anesthesia. 
The relaxation of abdominal musculature is complete with ether. 
‘Tho administration of tho anesthetic agent in the circuit with oxygen 
instend of air seems to reduce the incidence of Postanosthetic nausea 
and vomiting with ether. Postoperative abdominal distros and too 
reat a degree of volatility appear to bo the principal drawbacks 
to othyl ether ns an anesthetic. 

Ether, when exposed to Light and air, has # tendency to develop 
Peroxides, These are explosive and also serve as pulmonary irritants, 
when ether containing them is employed as an anesthetic, ‘Tho struc. 
ture of ethor peroxide, according to Wivlund, is: 

iH H 


on, —t-0-0-4-on, 
bi bu 

Dihydroxydiethyl peroxide 
The Pharmacoporia requires that ether used for anesthetic purposes 
must be peroxide-free. The test is carried out ns follows: “Shake 10 
ce. of other occasionally during 2 hr. with 1 o¢, of w freshly preparid 
Aqueous solution of potussium iodide (1 in 10) in a 26-00. glass-stop- 
ered cylinder of colorless glass, protected from light: whi viewed 
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Lit rig ae lot ino? 
qui 
CHLOROFORM 

When the news of this important discovery of ether bridged the 
Atlantic, Jumos Simpson of Edinburgh, began an assiduous search for 
‘gubstunes as good as, or perhaps better than, the American ethyl 
ether. Tt seems strange indeed that sciontists in England did not pre- 
edo those in America in the use of ether because Michael Faraday, 
distinguished pupil of Sir Humphry Davy, was one of the first chem- 
ints to produce ethee. Simpson's experiments wore fraught with many 
failures. Ether was better as a general anesthetic than most every 
substance that he und his associates tried. One day, as he was fim 
bling through the papors on his desk, he found » vial of a colorless 
liquid which had been sent to him by the German apothecary, Justus 
yon Liebig. And Simpson tried it—the liquid was chloroform, | Sev- 
ral times did he anesthetiza himself and his associates, Keith and 
Duncan, to unconsciousness with at least apparent impunity. Tt is 
recorded that immediately Simpson recommended the use of chloro~ 
form to alleviate the pain of childbirth. ‘To this the clergy of England 
objected, ‘They contended that this pain wns a penalty pronounced 
‘upon Eye for hor transgression in the garden of Eden and in eonso- 
quence all subsequent generations of women should endure it with 
‘pationice and complacence. Simpson was a careful investigator, but 
‘aluo wus astute at repattee. To this criticism he very aptly replied, 
“Tho Lord cased Adam to fall into a deop sleep before appropriating 
hia rib; out of which he created Eve.” God administered the first 
anesthetic. Queen Vietoria, thut pioneer of English customs, broke 
the spell of superstition by permitting Simpson's chloroform to be 
‘used in lier seventh confinement. 

Chloroform is about five times more potent than other as an anes- 
thetic. Ttis also much more toxic, The decline in the uss of chloroform 
in general ancathesia is due to ita strilking toxic action upon the heart 
and liver, Ether does not exhibit this. Most deaths undor chloroform 
anesthesia occur in the induction stages. ‘The mechanism of the xeute 
intoxication probubly takes place in the following manner. Chloro- 
form stimulites the vagus contrally and slows the heart, Through the 
excitation of induction endogenous epinephrine stimulates the eardine 
‘nccelarntor, thus the simultaneous effect of stimulation and depression 
of the heart rate produces fibrillation of the auricles and ventricles, 
In addition, chloroform is carried from the alveolar air to the left 
chambers of the heart in concentrations which are eardiotoxic. Before 
this hins been diluted by the general circulation, cardiac stoppage is 
produced. ‘The approximate mortality under chloroform anesthesia 
is of the order of magnitude in 1 in 2,500; with ether, 1 in 10,000. Ie 

10430484 
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is of interest to note that the fluorine analogue of chloroform, namely 
fluoroform, is neither anesthetic nor toxic. 


EIEYLENE 


After the discovery of chloroform there followed several barren 
decades in the field of general anesthesia and at the turn of the century 
the armamentarium of the anesthetist contained only nitrous oxide, 
ether, and chloroform augmented in a small measure by ethyl chloride, 
Through the first two decades of the present century no substantial 
gains were made. However, in 1922, ethylene was introduced by Luck- 
hardt of the University of Chicago. It had been observed that traces 
of ethylene caused the fading of lowers and this observation had come 
toLuckhardt’sattention. He was curious about it. He wondered what 
‘effect ethyleno would have upon animal protoplasm. Systematically he 
tested the gas on lower animals and observed its anesthetic effects, 
Ascending in the scale of development, he observed that the anesthetic 
properties held for monkeys and finally bo permitted himself to be 
anesthetized many times to unconsciousness und ethylene took its place 
among the general anesthetics. Perhaps this discovery illustrates the 
characteristics of » scientist, “one who has the simplicity to wonder, the 
bility to question, the power to generalize and the capacity to apply,” 
High concentrations of ethylene are required to produce anesthesia: 
(85 to 90 percent) and, to avoid hypoxia, the gas must be administered 
with oxygen. The gas mixture is extraordinarily explosive, and many 
tragic accidents have occurred owing to the explosion of the gas 
through ignition by static electric sparks. Undoubtedly this has mili- 
tated against the widespread use of the gus in many places, 


AVERTIN 


In 1927, Willstatter prepared « general anesthetic, tribromethanol, 
marketed and employed as avertin, dissolved in emylene hydrate, 
‘The principle involved in this discovery is based upoti the theory of 
narcosis announced by Meyer and Overton in 1900, Essentially this 
theory holds that the greater the oil/water solubility is, the more 
potent is its activity on the central nervous system. Alcohol 
has anesthetic properties. ‘The alcohols of the aliphatic series of hy- 
Arocarbons of higher molecular weight euch as amyl and octyl alcohols 
are less water soluble and more oil soluble, and thelr potencies na 
anesthetic agents are greater than that of ethyl alcohol. In avertin, 
three of the hydrogen atoms of the ethyl alcohol molecule having 
combined atomic weight of 3 have been replaced by three bromind 
atoms, the sum of whose atomic weight is approximately 240. ‘This 
increase in molecular weight increases the oil/water coefficient and 
simultaneously enhances the anesthetic potency of the compound. 
Avertin is administered rectally. Tts anesthetic index ot safety mur- 
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gin is narrow, i. e5 the anesthetic and fatal doses do not vary by w 
great degree of magnitude, Therefore, most anesthetists prefer to 
use the drug in amounts equal to three-quarters of its anesthetic dose 
‘a5 a basal anesthetic and (o complete the relaxation with nitrous oxide 
or ether, ‘Tho drug is contraindicated in patients auffering with 
hepatic or kidney diseases, It is unfortunate that all of our data on 
tho efficacy and safety of tribromethinol ure befogged by the fact 
that it is employed dissolved in another anesthetic agent, namely, 
amylene hydrate. Furthermore, avertin is n fixed anesthetic, and 
threatened collapse tunder agents of this Ikind is much more difficult to 
\lor volatile nnesthotics. Undor the latter, removal 
ites the immedinte course of removal of the agent 
from the circulating blood. Obviously, when « fixed anosthetic agent 
i need, this safety factor is unavailable, 








DIVINYL OXIDE 


Tt occurred to Chauncey Leuke (1) of the University of California 
in 1030 that it would be of great intorest to propire.a hybrid molecule 
botween ethyl ether and ethylene, i.e, w molecule which contained the 
casontinl features of the molecules of each of those anesthetics. Fol- 
lowing this suggestion Major and Ruigh (2) prepared divinyl oxide, 
“Vinethene.” ‘Tho relation of these compounds to ethyl alcohol can 
bo seen from the formulas, 
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Diving! oxide is more powerful than ether. Te is a liquid of very 
ow boiling point. With it, anesthesia is rapidly induced, but owing 
to hepatic injury which may occur upon prolonged inbalation of this 
anesthotic agent, its use is confined to operations of short duration, 
One must not pnss over the production of this new agent without pay- 
ing dug tribute to the fertility of the mind that conceived it. In its 
conception a molecule was designed, synthesized, and anticipated 
properties were Inter discovered to be inherent in it. 


CYCLOPROPANE 


Tn 1990 Liens and’ Henderson (8) of the University of Toronto 
announced the anesthetic properties of the hydrvearbon, cyclopropane, 
‘The structure of eyclopropane is seen in the following formals: 


ZX. 
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‘Dhe gas is more potent than ethylene ane hence permite the admix- 
ture during anesthesia of a larger percentage of oxygen. Relaxation 
of abdominal musculature is good during cyclopropane anesthesia, 
During tho decade of its use the gas is now established as an impor- 
tant and dependable agent. Recognition of it in the United States 
Pharmacopaia XII bespeaks its growing field of usefulness. A 
brochure by Robbins (4) of Vandorbilt University on cyclopropane 
reviews the entire field. 


cyPRoe RrHUR 


‘At the Medical School of the University of Maryland in 1990, 
Krantz, Evans, Carr, and Forman (5) succeeded in developing 
chemical reaction for tho convenient preparation of aliphatic eyelo- 
propyl ethers. Four of these ethers have been prepared already, and 
three of them have had preliminary trial. One of these agents ts 
cyclopropyl methy] ether known as cyprome ether; its structure can 
bo seen by the following formula: 


om 
bs 


‘Tho pharmacologic studies conducted in the University of Mary- 
Jand show cyproto ether to be more potent than ethyl ether and por 
sibly sufer, Its boiling point is 10° C. higher than ethyl ether which 
should be a distinct advantage for anesthesia in the ‘Tropics. Black, 
Shannon, and Kranta (6) in 190 reported the first 25 human eases 
of anesthesia with oypromoether in “Anesthesiology.” ‘The compound 
appears to be promising. 

Other new anesthetics which have been produced by these inventign- 
tors and aro under study at the present time are: 
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Many yours ago Friinkel prepared certain thiobarbituric acid eom- 
pounds, Based upon insufficient evidence upon # very limited number 
of animals these compounds were discarded as not being worthy, of 


therapeutic merit. ‘Within the past 6 years these compounds have been 
reinvestigated and found to be vory prompt-acting barbiturates, yet 
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the action is of very short duration. ‘The one most extensively wed in 
this country is pentothal sodium. Structurally this compound is 
pentobarbital in which the oxygen atom of tho urea group has been 


replaced by a sulfur atom. 
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‘Tho widest wse of this compound very recently has been in producing 
anesthesias by intravenous injection for surgical procedures of short 
duration. For this purpose 2 to ce, of w S-percent solution is injected 
in about 15 seconds. ‘The injection is then discontinued to permit 
the complete effect to become manifest, which requires about 85 sec- 
‘onds, If relaxation has not oceurred, a additional 2 to & ce. may be 
slowly injected. 

"The importance of pentothal sodium as @ combat anesthetic cannot 
be overestimated, ‘The mortality statistics with pentothal sodium are 
favorable and this agent appears to have warranted @ permanent and 
enviable position among the anesthetic ngents, 


SPINAL, ANESTHESIA 


‘Tho uss of local anesthetic agents in the spinal fluid to produce 
anvathesia dates back to the turn of the century. Tn the early days of 
this form of anesthesia, the deaths were so numerous ‘that the popu- 
Jarity diminished, In more recent years, with more skillfal technique 
and more numerous new synthetic local ‘anesthotic agents to select from, 
this type of anesthesia has received a now impetus and iy at present 
enjoying much popularity. 

‘Whinn local anesthetic is injected into the spinal fuid impulses over 

11 types of nerve fibers are blocked—sensory, moter, somatic, and 
‘autonomic, ‘The sensory block ocours in 6 to $ minutes which is fol- 
Towed by motor paralysis. ‘The duration of the insensibility to pain 
and the motor paralysis is a function ‘of the character and the concen- 
tration of the local fig agent. Procaine hydrochloride in safe 
concentrations produces an anesthesia of 1-hour duration, Tetracaine 
igdrochloride (pontocaine) can be successfully used for « period of 
‘B hours. 
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‘There are many side reactions that-may ocour after the injection 
of an anesthetic agent intratlieoally. There is » loss of motor tone 
which follows the paralysis of the vasoconstrictor fibers in the anterior 
nerve roots. The blood pressure consequently may fall to-n very low 
Jovel requiring the wee of such drugs as ephedrine. Radiculitis, neuri- 
tis, meningitis, and palsies are some of the undesirable anesthetic 
sequelae that have occurred with the use of spinal anesthetics. 


OUTLOOK FoR THE FUTURE 


Perhaps there is no field in modivine where achievements have been 
as great and as far reaching us have been the ndvances in anesthiesin. 
‘The scope of this review purposefully excluded advances in dw teeh- 
niques of anesthesia such as the invention of the anesthotic rebreath- 
ing machines, the endotracheal tubo, the use of moist soda lime 
and conducting rubber devices for the grouiding of static spark. 
All of these have made definite contributions to unesthetic success and 
nafety, 

Future researches are cartainly to be directed toward the end of de- 
veloping » better volatile anesthetic agent than ether. Tt nppears 
indeed to be posible. Intravenous anesthesia needs to bo made safer, 
Othe nggents need to be investigated further and better antidotes than 
fare now available must be found. Tho future must investigate farther 
und understand more clewtly, from the point of view of cellular 
Physiology, what i# meant by that profound hintus in consciousness, 
to glibly referred to as surgivil anesthesia, 
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ASPECTS OF THE EPIDEMIOLOGY OF ‘TUBERCULOSIS * 


fy Lataro W. Pann 
The Gearge Washington University 





Despite tho ditty the American Public Health Associntion had a 
short time ago in settling upon « definition of an epidemiologist, 2 
eliove it isnot impossible to say what epidemiology is. Epidemiology 
ig the ecology of discase. It ia the life history and environmental te- 
Tationships of disease. It places less emphasis on how disease sets om 
tho individual and more on its mass manifestations; little on symptom, 
tnuch oft how it spreads and is influenced by all possible variant fuctors, 

"The study of tuberculosis is tremendously cotnplexy and the results 
that have been obtained xto'confusing. This is not bocause the orjan- 
jatn causing the disease is difficult to obtain and study. True, Afyeobae- 
terium tuboroulovis grows slowly, but we lave long had satinfnctory 
Hultare mediums nnd suitable experimental animals are readily avail- 
able. ‘There is, however, no diselse concerning which there are more 
‘isputed concepts and theories. Shortly after the tubersle bacillus 
invades the boxy successfully the tissues take on a new and mpecifio 
cnpocity to reach, If into the skin of such w person a tiny bit of the 
soluble protein of tho tubercle bacillus is injected, there in w decisive 
Fecponse, ‘The area becomes inured, slightly raised, unusually frm, 
find somewhat painful. Tt is, in fact w typical area of response in ins 
flammation, ‘This reaction reaches its height on the second and third 
any und thereafter slowly fades away. This is n positive tuberculin 
tests By contrast, a parson seio hns not been successfully invaded by 
the tubercle bncillus will give no reaction to a similar injection oF in- 
deed to one many times stronger in its tuberculin content. 

‘The condition of the individual that eauses him to react to the injec- 
tioty of tuberculin is the “tuberculin type of hypersensitivity,” Tt 
Seoul seem simple to determine whether it fs better to be tuberealin 
Positive or tuberculin nogutive, but it ie mot, Is this tuberculin type 
Ef hypersensitivity tho same thing ws immunity! Tt is not easy to 
decide, and any unswer given will be disputed. Woodruft and Kelly 
{1042} observed "Before tuberculosis can be controlled sucessfully 
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fundamental concepts concerning reactions of the host to the infectious 
agent must be clarified. Perhaps the most important of these concepts 
is the relation betweon the hypersensitive or allergic response and im- 
munity.” Shall we immunize our children against tuberculosis! We 
immunize them against diphtheria; why not against tuberenlosis! In 
1940, 60,128 persons died of tuberculosis in the United States and only 
1,457 of diphtheria. It may be objected that tuberculosis is not a child- 
hood disease. It is not, and it is much less 80 now than it was in 1900, 
‘but in 1940 a total of 2,787 children under 15 years of age died of 
tuberculosis, almost twice the total number dying of diphtheria, 

‘When we have clinical tuberculosis where do we get it! Is it from 
within—the lighting up of nn old arrested focus—or is it from without 
by contact, often repeated, with open cases of tuberculosis! We now 
favor the Intter view, exogenous infection, but it has not been many 
‘years since the former view, endogenous infection, was our gospel. 
‘Years ago wo used to speak of the childhood type of tuberculosis. Now 
wocall it “first infection phase.” In this form of infeotion the tubsrale 
bacillus localizes in the outer parenchyma of the lower- or mid-lung 
field, and thore is developed nn area which, when it later becomes en- 
‘capsulated, calcified, or purhups oven ossified, is known as a Ghon 
tubercle, Bofore this happens, however, the little colony of tubercle 
bacilli, often too small to be seen with the naked eyo, establishes con- 
nection with functionally adjacent lymph nodes and there sets up a 
focus of tuberculous infection that in time usually becomes calcified 
and, if large enough, visible in X-ray plates, The tubercle and ite 
involved lymph node form the Complex of Ranke, As a usual thing 
an individual harboring this pathology suffers, particularly if he is not 
‘avery young or u weakly person, few if any clinical symptoms. Some 
‘Fears ago it wan believed that almost every child had such « “primary 
infection.” Now it is known that most children escape any form of 
tuberculous infection and that “first infection phase” tuberculosis 
comes in both adults and children, Js it the same usually benign 
disease in adults that it used to be in children, or is it much more seri- 
‘oust We have a debatable proposition, 

‘Years ago we used to speak also of the “adult” form of tuberculosis. 
‘Now wo call it “reinfection phase” tuberculosis, This is tuberculosis 
developing in an individual who has had “first infection phuse” tuber- 
culosis and is thereby x different host from the individual never con- 
tacted successfully by the tubercle bacillus, In this form of disense 
the lesion usunlly appears in the upper third of the lung and does not 
involve the functionally connected lymph nodes. When such Iesions 
heal they show less of ealeification and more of resorption and fibrosis, 
‘Spread of this type of disease, which frequently occurs, ia by caseation, 
liquefaction, and excavation. This “adult” type of diseaso can, of 
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course, occur in a child provided it is an individual who has had “first 
infection phase” tuberculosis. It was formerly thought that such dis- 
ease arose chiefly from one's own reservoir of tubercle bacilli held over 
from wn arrested “first infection phase” attack, The fact that over- 
work, worry, undernourishment, and other untoward socioeeanamie 
factors predispose to tuberculosis fitted in very. well with the idea that 
each man carried about his own potential tuberculosis and snight light 
it up as an adult by lowering his personal resistance, 

‘The following quotation from the American Review of Tuberculosis 
(Dobbie, 1920) is not the point of view held today: 

Tn adults the probtem of preventing infection requires very ttle wteeitlan, 
‘Te great majority of adults Kuve already been Infected before reaching adult 
life, Whit udulte have to twtr most ta not further tnfeetion from without, but wn 
‘extontlot of the Infection yebich they already have, Yeading to the development 
‘of a group of eymptoms which we aro pleased to call the disease tuberoulostk. AL 
Adults should of courme avold prolanged and Intimate eontact with thi gromaly 
catolene tuberculous peraan; but thery is tte to be feared through ordinnry eon 
tet, Tt has boon gala that tho earetl consumptive Iw nok a datiger to anyone 
‘Tila nilght bo modifled to read the consumptive 1a a Krave mence to Infants less 
dangoroue to children, and no dangor at all to adults Lf reasonable care be 
exercised. 

Tat me etuptinstze ngaln, Wo should not be afraid of the tuberdio hacliius. Por 
ourselves, as udulta, on 1. rule we nocd tear no attack except from thowe that are 
now In oue bodies. For the children, plicu we enunot permanently protect thew 
rots tnvaslon, lwt ue wisely choose the time when the baciill wee Arst to be met. 
IE thle be soon, the tuberete tell may be trinaformiet frow a menacing eneniy 
into m proteeting friend. ‘Tha ls what should be taught to every adult, ax come 
riding the knowledge in socordanee with whieh he should Wve aud. uct nx an 
Individual. 

‘Today we favor the view that triberciilosis may be contracted from 
continued contact with open cases and that its incidence may be 
reduced by oliminating sources of infection from milk or meat; by 
minimizing contact with open cases through early and accurate ding- 
nosis and isolition; and by proper care of those having tuberculosis 
fncluding full attention to propor nutrition andl conditions of living. 
‘What a change of point of view within a generation! Som areas are 
even working on the hypothesis that all tubereulosis ean be provented. 
Certainty one cannot develop tuberculosis without first becoming. 
tuberculin positive. Honce, in certain parts of the country where 
conditions are favorable an offort is being mado to place tuberculosis 
‘on the county accreditation basis. In 1040 the death rato for tubercu- 
losis in the continental United States was 45.9 per 100,000, one of the 
finest rates anywhere in the world. It is n rensonable estimate that in 
that year about 50 porvent of our total population were tuberculin 
positive. Minnesota has established county accreditation for tubercus 
losis, ‘This “new idea in human tuberculosis control” provides that a 
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county shall be accredited in whieh there is an average annual death 
rate of 10 or less per 100,000 and s tuberculosis infection rate, as evi- 
denced hy-a positive tuberoulin test, of less than 15 percent among 
high-school seniors. At least 7 of Minnesota's 97 connties have wlready 
qualified for this honor. 

Casual reference to tuberculons infection ax something quite tine 
extensive lias probably been confusing to the reader. Reference to 
figure 1 should assist in the understanding of the early stages in the 
host-parasite relationship of the tubercle bacillus and man, 

Some diseuses aro short-lived and decisive. The patient ixsick 2 or 8 
days and thon is about his work. Such. a disease is a mild attack of 
influenza, In typhoid fever, on tho other hand, the patient may be ill 
weeks or more, anid there is a-further period of convalescence to add 
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to the 6 wooks' loss of time from worl. In tuberculosis there may bo 
very guadual onset involving 2 or 9 years bofore the patient has any: 
symptoms at all, Probably every person in tho United States, has 
swallowed or inhaled at least one living tubercle buciflua even in this 
day of allogediy fine progress in the elimination of tuberculosis, In 
half, or more than half of us, the microbe did not successfully invade 
tho body. (Some-of the pointe involved in the host-paraaite relatian- 
slip bearing on this point are fascinating to contemplate but diftleult 
toset in order, and they are graphically suggested in figure 2.) 

Shortly (2 to 7 weeks) after the tubercle bacillus has invaded the 
body the tissues become sensitized and the host is altered profoundly, 
just how profoundly we do not yet know. ‘The elicitation of  post- 
tive tubervalin teat from such a person is only one aspect of the mist 
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ter: ‘The sensitized individual possesses a new reaction pattern, which 
A-el bnep ea tony as viaketuborcla bocli'remsin in brody, 
Fortunately, the grest majority of sensitized individuals do not 
progress farther toward clinical tuberculosis. Such individuals are 
hurmless (o others in their environment, for the tubercle bacilli oaus- 
ing the sensitization ure locked within their bodies. Indeed, ux Lang 
has so well pointed out, the tuberculous individus! does not enter into 
the epidemiological picture until his pathology is well advanced. 
Large lesions onseate, liquefy, and erode into bronchi where bacilli 
fare spread farther within the lang of the hapless patient or expecto- 
rated to the outside world Interestingly enough, the number of 
tubercle tneilli becomes very great in an area of just this typo, whereas 
they might bave been rather few in the same area w month entlier, 





Prove 2—Bome of the factors entering into the howt-parasite relationstifp, which 
‘have much to do In doterminlug the outcome of wn tufection. 


Only a few of those who become tuberculin positive for the first time 
will progress to the point where roentgenological evidence can be 
obtained that they are ill, and of these by no means all will advances 
farther to the point where clinical symptoms can be noted, Further- 
more, if taken at the stage of minimal tuberculosis, the disease is easy 
to arrest, Even if arrested the individual will still, for a long time, 
likely for life, harbor some of the tuberele bacilli that multiplied 
within his body. Tt may seem odd that one can be in good health and 
play host to pathogenic organisms. Such a healthy arrested case 
should not be # source of danger to others, but it is important to point 
out that every extensive survey of adults reveals some of these indi- 
viduals who are not sstisfuctorily arrested cases and who continue to 
work or even attempt to enlist in the Army or Navy while really suf- 
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fering from moderately advanced or even far advanced tuberculosis. 
Ironically, many of them are not even aware of the seriousness of their 
condition. ‘The tyberole bacillus is not » vicious pathogen despite the 
fact that it causes the most important single disease from which man 
hus ever suffered. It is therefore all the more important that the 
facts about tuberculosis be known, so thnt medical practice and science 
ean continue adequately in the effort to solve the tuberculosis problem, 

‘Whut is the present status of tuberculosis aa amedical problem? 

First of all, it is worthy of note that there haa been « very marked 
decrease in this country in the number of denths from tuberculosis, 
Tn 1900 the rate was 1944 per 100,000; in 1940 it was 48.9; in 162 it 
was 43.1, ‘There was only 1 death in 1940 where there were 42 deaths 
in 1900, Not only has the number of deaths decreased but the distei- 
Inition of those deaths has changed both within the total mortality, 
picture and within the mosaic of tuberculosis itaclf. ‘Table 1 will make 
some of these changes clear, 


‘Tanue 1.—Change tn death rater (per 100,000) trom 1900 to 1040 for twderoulonle 
‘and some other disnaaes 
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1900 tuberculosis accounted for 11,8 pereent of 
is figure had fallon 2.6 times, to 42 percent. 

Another significant point not shown in the table is that the disease 
is becoming pulmonary in type. In 1940, of tho 60498 deaths from 


pereont were tuberculosis of the central nervous system, gastrointesti- 
nal tract, the bony structures, the skin, the lymphatics, the genitourin- 
ary gystem, generulized tuberculosis, und infection of other organs. 
Forty years ago this Agure would have been much higher. Other 


EPIDEMIOLOGY OF TUBERCULOSIS—PARR 483 


changes we may note are a great decrease in the proportion of deaths 
from tuberculosis in infancy, childhood, and adolescence, and even in 
early married life. ‘There has been a relative increase in tuberculosie 
deaths in the middle and later years of life, and there is no longer for 
‘Whites a peak in the curve representing deaths from tuberculosis, It 
is rather a plateau extending over three or four of the most important 
docades of life. 

‘Tuberculosis mortality is much higher among males than among 
females. In the States Relations Division of the United States Public 
‘Health Service there is now » Tuberculosis Control Section headed by 
Dr. H.E. Hilleboe. ‘Tuberculosis mortality in the United States, 1939- 
1941, was reviewed by three Public Health Service workers in Public 
Health Reports for October 1, 1943, ‘They point out that for these 9 

‘1989-1941, the male death rate (53.6) was 41 percent highor than 
the female rate (98.1). This excess in mortality among males ix higher 
for tuberculosis than that from deaths from al} causes. For these 
4 years tuberculosis was seventh in numerigal importance among the 
leading causes of death. ‘There are vory large racial differences. in 
tuberculosis mortality, the rate for Negroes in 1940 (128.5) was nearly 
three and one-half times that for Whites (86.6). The rate for Indiuns, 
Chinese, and other races wus about double that for Negroes. Among 
non-Whites tubercalosis was third in numerical importance as a lead- 
ing cause of death. Another point, hotly disputed in the epidemialogy 
of tuburculosis, is whether the Negro tuberculosis experience is the ro- 
silt. of the less favorable socioeconomic conditions under which they 
ive or is due to inherent biological racial differences betwoen Whites 
and Negroes. 

‘Tuberculosis is still among the three leading causes of death for » 
relatively large portion of the life span (15 to 49 years of age). Tt 
holds firet place at ages 15 to 3, second at 35 to 39, and third nt 40 to 49. 
For males tuberculosis is among the first three leading causes of death 
tat oger 15 to 4, and for females at ages 10to 44. For Whites only, itis 
among tho first three leading causes of deaths at ages 15 to 49 for both 
sexes, ages 20 to St for males, und 15 to 44 for females. 

‘TTable 1 reveals the fact that though we have made worth-while prog- 
ress in the fight against tuberculosis this progress compares unfavor~ 
ably with advances made in the control of such diseases as typhoid and 
diphtheria, und indeed for the whole group listed together in the table, 
vis, typhoid, malaria, measles, scarlet fever, whooping cough, and diph- 
thetin, Tn 1900 tuberculosis caused only 1.7 times us many deaths 28 


‘unt, too, is the more marked diminution in the deaths that occur in chil- 
‘Gren under 2 years of age from diarrhea and enteritis, ‘That improve- 
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ment in the tuberculosis picture hus occurred is, of course, true. Our 
chances of dying of tubercilosis are now computed at a much more 
favorable level, Itis also of interest to note that the percentage of per 
sons tuberculin positive hus been falling. For instance, ous of the 
earliest reports on the results of tuberculin testing of a student group 
was based on a study conducted ut the University of Minnesota in 1928, 
‘Thirty-one pervent of 2,000 students were found to be tuberculin posi- 
tive. Tn 1941-1942 only 17 percent of 5,451 students were positive, 
‘Thus in 13 years there was 4 reduction of 45 percent in the number of 
tuberculin rexctors. Similur information gathored from school surveys 
all over the country is much more significant than may on first thought 
occur to one, Weare fast becoming a nation of unsensitized individuals 
with respect to tuberculosis, ‘There has long ben a considerable sehoo! 
that has tuaintained that sensitization in the sense of tuberoulurization 
without progression is protection. What, they ails, will be the outcome 
fa more und more tubervulin-negative children become wdiulte and first 
meet the tubercle bacillus under wartime and reconstruction: condi. 
tions! Tt is possible that the medical-school tuberenlosix problem may 
ast light upon this matter, but before that point can be presented it is 
logical to consider the effect of war on tuberculosia morbidity and 
mortality. 

What was the effect on the tuberculosis rite of World War? De, 
Long describes the situation in Kurope by. obaerving: “After yours 
of continuous drop, the rite begun viking in 1915 and by 1918 had 
touched « figure in all countries about 25 pordent higher than at thie 
beginning of the war." Wolff has described: the privations of the 
Period as“ an involuntary mass experiment . . . of more epidemio- 
logical importance than endless theorizing on the pathology of tuber- 
culosis.” ‘These statements may be amplified in the words of an August 
1041 article in the Statistical Bulletin of the Metropolitan Life Tn- 
surance Co, in part us followe: 


‘The experince of the Word War Ot 1914-18 affords nn Indlention of what 
{In Itkely to uccur. None of the belligerent countries ecuped ae Ineryase It 
tuberculonts then, and peactieally all of the nouteal eounteles of Berupe suffered 
AUNGE wi fuicromse In tibercuténis or w slowing up ot the prowie rnin of de 
cline, ‘The tot rellahte daty for the porlod relate to the trend among, women 
und children tn Rugland und Germany. Among English women the mortality 
{trom pulmoniry tubsireuloals rose steadtly during thé yar to n peak in 1B, 
when tt wan over 25 percent higher than In 1018, Among Geran worn tho pile 
‘monary tuberealols denth cate rove slowly at frst, tut after 1926 the lictonse Wik 
Nery fupld, 90 tit by 1918 the rato wan voarly 7G percent ubowe thit of 191. 
Indeed, to Germany the death rate from tuberculous among women did not 
Feturn to tho prewar tovel ‘until 1921; and this Improvemunt wa, nok mala 
tained tor a few yeary following. ‘The rate of lneroiuee among Germals fernules 
‘wan grvGtNE At ages minder 20 yours, “Among children’ the rate I 1010) wits 
oven higher than during the war, 
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Far worse was tho altuation among the other belligerent countries of the 
Continent, but only fragmentary. statistical data uro uyailable to. show the 
frightful incroases in somo of these areas The statistics of tuberenlowin 
mortility in France during the war aro defective because of tive wbarnce nf facta 
for the Ikeaited regions, where the situntion wan at tts worst. ‘The dite for the 
nlovaded portion show a-sbarp Inereuse, gurtiowlarly to IIT and 108 tn 
‘he latter yent the rocorded Fxte was about 20 percent higher than tn 014, he 
requrucy of thew atatlatics lv doubtful, and the actual Increase was prvbubly 
argar. Tp wna extent the same observation probably holda for Taly, but in 
that country oven the recurded deaths from tuberewlosis In 1018 wero over 40 
‘peteenit In exeras of the 2014 rate. 

A few exurplon will show the extremely bad conditions In Relginin and tty 
eastern and southeastern Europe. In Benesels the death rate from tuberculosis 
Houblest during the war, frou 177 por 200,000 tn 1044 to 300 tn 108, Tn Vlewna 
the rate fn the period 191518 was 20 percent higher than tn 1/114, and in 
the early postwar years It Incteaand to 60 percent above the prewar rats to 
Budapest the number of death tram the dlseare In IT wax nearly double 
‘thar bf 1018, amd It wite but Mette Yew tn 1018. Hy Warnawr tho rab ti 17 
‘was 940 per 100,000, an compared with 306 In 1913; In Cracow during the sume 
period tha ente luereasod from 487 to 008 per 100,000. In Belgrade the qubereit- 
Toit death rato in 1018 renced, che nbmowt Increthle igure «f L400 pre 100,000. 

‘Typleal of the trend of tobereatoris tn the nentral countries OF Kurope dut- 
Ing th World War are the experiences of the Notherlandy and Switzerland. 
Iw the former, the death tate from the disease rose steadily, wntit In 1018 It 
‘Wnt ently 50 percent aliove the 1914 figure. In Switzerlan, where the trend 
Yas sharply, dewnward before the war, the rare continued to fal at stats, tit 
rose in the iatter part of the war to & peak of 207 per 100,000 In 1017, or 6 
percent above the rate In 1014, 

Th one own couhtry the tortallty trom tuberenlosis showed tity change 
during the World War yerlod ax « whole, tut oyun here there way © tlhe 
Inertnse in the death rate dartux the period of our nctirs participation tn the 
ear. ‘Thos tho denth rato $4 the original, Ragistrating States declined. from 
Y4kO por 100000 Jn 1014 to 14RS In 1016, but thon rose to M47 In OT and 
further to 151.0 In 1018, 

‘These increases come about through break-down in resistance to 
disease on the part of the host, to increase in opportunities for infec 
tion, and to a decrease in or, indeed, collapse of facilities nyniluble 
for proper récognition, isolation, and treatment, of disease. Spe- 
cifically somo of the factors for tuberculosis are: 

1, ‘The entrance of women into heavy and fatiguing industry. 

2. The return of tho older age groups to uctive employment. 

4, The return to work of persons of either sex or any age physically 
unfit to work, 

4, Long hours of work often emotionally compensated for by long 
hotiry of strenuous or injudicious relaxation—“burning the eandle at 
hhoth nds." A 

S. Relocation in areas of intense wat-industry activity resulting in 
congestad living conditions without adequate sanitary facilities. 
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6. Rolocation in arena of intense war-industry activity where tuber- 
culosis rates may be high by persons coming from areas where tuber- 
culosis rates are low, 

7. Congestion in concentration camps, war prisoners’ camps, evacua- 
tion depots or eamps, and air-raid shelters, 

8. Use of hospital beds formerly allocated to the tuberculous for 
More urgent war needs or actual destruction of hospital facilities by 
the bombings or bombardments of “total” warfare. 

9, Loss of trained personnel to the war need—physicians, nurses, 
attendants, laboratory workers, and social workers—all needed to.care 
for un increasing load of tuberculosis patients. 

10, Food shortages, both qualitative and quantitative. 

11, Impossibility for perfect rest conditions so necessary for the 
tuberculous and the protuberculous. 

12, Worry and anxiety over the fate of one's relatives or even of 
one’s country, 

Ono of there points deserves particular emphasis as far as this 
country is concerned. As pointed out in an editorial in the New 
England Journal of Medicine for January 21, 1944, “it is estimatod 
that 28,000 had been diagnosed (at induction) to have » disease that 
neither they nor their friends would haye suspected under prewar 
conditions. And how are theso patients, many of whom need sana 
torium treatment, going to be accommodated by the currently re- 
stricted personnel of the sunatorinms?” Early in 1942 the number of 
beds for tuboroulosis patients in this country totaled 97,726, or 1.02 
per annua} death, which is at best well below the minimum standard 
set nt 2 beds per annunl death and far below the more ideal standard 
of 3. In 1942 only seven States and the District of Columbia had mot 
tho minimum standard. It is quite posible that under present con- 
ditions of personnel shortage the paper figure of 97,726 beds available 
for tuberculosis patients must be considerably discounted. Whore 
fighting is actually going on the condition is, of course, much worse. 

‘Just what has happened thus far in the present war? Hilleboe 
states that hy tho last half of 1942 in the United States the Bureau of 

nsus, by x sampling process, had sensed an increase in tubercu- 
Josis in the “critical areas,” although the total figure for 1942 repre- 
Sents'an all-time low rate of 43,1 per 100,000. In England he notes.» 
14 percent increase in deaths from all formas of tuberculosis in 1941 
# against 1088. ‘This represents more than 9,000 additional deaths 
each year from n preventable disease, Recently in the British Medi- 
cal Journal (January 8, 1944) it is stated that in Belgium the regis- 
tored cases of tuberculosis increased from 69,070 in December 1941, to 
100,511 in Februmry 1943, an increase in rate from the high figure of 
680 per 100,000 to the startling figure of 1,830 per 100,000. If there 
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are 10 clinical cases of tuberculosis for every annual death, we have in 
the United States less than 600,000 cnees at the present time or only 
six times as muny as now exist in littls Belgium, which hus perhaps 
‘only one-twentieth of our population, Many of our people are in, or 
shortly will be in, these unfortunate European countries. It would 
‘svem a safe prophecy to venture that the tuberculosis rate in this 
country may be slightly increased for » short period, but it should 
within « very few years aguin resume its downward trond, 

In view of the very low rate now obtaining (43.1 in 1042) it would 
‘be reasonable to expect a greater set-back relatively than we experi- 
enced at the end of World War L, The magnituds of this sot-back may, 
not be so much one af significantly increased rate as of slowness to get 
under way again on the downward trend. For # disease as widely 
seeded in our population ns tuberculosis and for » population more 
completely involved in abnormal war activity than was the cass in 
World War I, it would not be surprising if this were to be so and the 
very favorable rates now attained would seem to be advanced posts: 
we may have to abandon for some time, One factor in this slightly 
pessimistic prediction is our closeness to and commeree with tho rest 
of the world in many parts of which tuberculosis ix rampant, 

AL one time the hope was expressed that we might be able to eradi- 
cate tuberculosis by m given date—say 1960. It should be understood 
that any such statement was merely a slogan, a cry behind which to 
rally the forces fighting the great white plague. As Frost ably 
pointed out in one of his last:-papers, entitled “How Much Control of 
Tuberculosis?” it “is not necessary that transmission be immediately 
and completely prevented. Itin necessary only that the rato of trans 
mission be held permanently, below the level at which a given number 
of infection-spreading (i.e open) cases succeed in establishing an 
equivalent number to carry on the succession. If, in successive periods 
‘of time, the number of infectious hosts is continuously reduced, the 
‘end result of this diminishing ratio, if continued long enough, must 
be the extermination of the tubercle bacillus.” I am nob aware that 
Frost ever set any date for this millennium, As « yery humble stu: 
dent of epidemiology Iam sure I cannot. I doubt though if under 
presant: war conditions we havo any reason to anticipate any lowering 
of the death rate for the entiro country from 43.1 to even 19 per 100,000 
for several decades. Many millions of Americans are already tuber 
culin positive; thousands of unrecognized advanced cases of tuber- 
culoais exist today; Europe and indeed most of the rest of the world 
is heavily tubercularized, It is too much to expect tuberculosis dewth 
rates to continue to drop as rapidly as they have in the past. ‘To reduce 
1944 by 10 percent is not so difficult ag to reduce 43,1 by 10 percent. 

108304582 
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One other point that Frost makes deserves our attention. He states: 
“It is highly probable that the eyelic changes in prevalence which 
are observed in some diseases are brought about chielly by evolutionary 
changes in the characteristics of the specific microorganisms, the causea 
of which are to be found in uncontrolled natural forces.” Frost men- 
tions scarlet fever and diphtheria as two of the diseases that within 
the past 100 years have greatly changed, although in: the cose of 
diphtheria the change reversed itself and diphtheria is again a prob- 
Jem of some significance in parts of the world, Smallpox, since the 
Spanish American War, has been relatively mild when it has occurred 
ini this country, and in 1042 caused bat two deaths, It could be pos 
sible that oyelio changes may be taking place in the nature of the 
tuberels bacillus making it less invasive, but whether this in so, how 
Jong it will continue, of whether it will reverse are propositions very 
difficult of proof. Again, ease finding among medical students and 
phynicians yields remlts with suggestive implications for this point. 

Case finding meuns looking for cases of a given disease. It is done 
to dincover unrecognized eases that should be brought under treatinent 
for their own good and isolated or educated so that the public health 
may he protected by removing active sources of infection, Although 
useful for severa! disoases such as malaria and hookwormn, even gyphilis, 
case fining is particularly adapted to tuberculosis, It is possible 
through tuberculin testing to discover those belonging to the tubers 
crilit-positive ‘group of persons who cat’ have tuborculosia and, by 
X-ray examination, to detect whieh of these have physical signs almovt 
eantain before long to produce clinical symptoms. Such individuals 
may be satisfactorily arrested with m minimum of treatinent and loss 
of time whereas if the minimal case is not discovered in its incipiency 
‘» moderately advanced or ever'a far advanced case may result which 
indificult or impossible to urrest, ‘The great ndyantage to the careful 
exantination of the would-be soldier or suilor is that tuberculosis is 
discovered, ax never beforo, in the stage in which it is possible todo 
something about the matter, From the first approximately 400,000 
men appearing for the Canadian Army, 1 percent were rejected for 
tuberculosis. OF 3,580 of these rejectees, there were 1,070 with minimal 
tuberculosis, 1,208 moderately advanced eases, and’ 262 far wdvanced 
eases, ‘This ratio of the different clinical types (and the same is trac 
for ull other large-«eitle screenings) ix the exact reverse of whnt ovcurs 
when we let nature take its course. In the pust, minimal eases have 
been 9 minority in the treatment program with moderntely advanced 
‘and far advanced caxes constituting the great majority of eases eothing 
to the attention of the physician and the cate of his ennatorium, It 
is to bo hoped that although we are wt war care will be taken that the 
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‘young men and women found to have tuberculosis will be adequately 
‘eared for. 

Tuberoulin testing is time consuming nnd costly: and, I regret to 
say, is:sometimes omitted from the case-finding set-up. Celluloid 
films, 14 by 17 inches are also very expensive, and several substitutes 
have been worked out muking it possible to examine the lungs of all 
members of group (a good case-finding team can do'00 persons a 
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Piva $ Tuberculosis case tinding program at the School of Medietne, “he 
Georgi Washlagton University. 


uy) at» rensonable cost, While this expedient works and ig there 
fore justified, from the epidemiological point of view it is distinctly 
faulty because the tuberculin test gives information we must have for 
the propor understanding of the disexse, and the Inrge plate provides 
‘a permanent record unequaled by most of the less costly substitutes, 
‘At George Washington University Medical School, through the in- 
terest nnd cooperation of the dean, a proper and complete cusb-Finding 
program has been in progtess almost 6 years. ‘The organization and 
operation of this program are graphically indicated in figure 3, 
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‘At will be seen from figure 3 that five different agencies must be 
integrated in the program. ‘Theso are the tuberculin-testing group, 
the X-ray group, the chest-physician group, the Iaborntory group, 
‘ond the sanatorium group. Coordination is best effected by that 
agency having most. student contact, which in our institution is the 
tuberculin-testing agency represented by the writer. When there is 
sufficient interest in the program on the part of the coordinator the 
‘cooperation of the other agencies is easily obtained and cheerfully 
given. In addition to the valuo of such » program to the health of 
tho student body the tuberculosis case-finding program is an admirable 
laboratory experiment in preventive medicine. 

When it was realized that exposure to open cases of tuberculosis had 
to be considered as an important factor in tho etiology of the disease 
it was only natural that thought turned to medical personnel—phiy- 
sicians, nurses, hospital attendants, and students of medicine and 
nuraing—as persons having an industrial hazard with respect. to 
tuberculosis, Three examples will illustrate the validity of this 
assumption. Diehl and Myers reported in 1940 that at Minnesota it 
had bean possible to check effectively on the careers of 1,078 of 1,894 
medical students graduating from 1919 to 1986. Among these there 
‘were 107 cases of tuberculosis, 5 occurring before college, und 47 miter 
college. It was found that 46 deaths had occurred among the 1,673, 
of which 11 had been from tuberculosis, 

Again it is woll known that inmates of our mental hospitals form 
& group among whom tuberculosis is especially important. A recent 
study of such individuals in New York revealed that on the average 
tuberculosis deaths in such groups in this State were relatively twelve 
times more numerous than for the State ns a whole. In certain such 
institutions in this country where careful case-finding programs have 
‘been carried out'on the attendants, rates of infection and actual evi- 
donee of disease much higher than occurs for other individuals in tho 
same area have been found. 

‘Thirdly, tho early experionce nt the University of Pennsylvania 
revonled the significance in that institution of tuberculosia for medi- 
cal students. Loss than 10 years ago among 514 Pontisylennin stud- 
ents 5,8 percent of significant tuberculosis was found. Happily, re- 
sults in most other schools are much better, and in fuirnoss to Ponn- 
sylvanin it should be pointed out that subsequent studies there have 
revealed a vory much lower rate. Nevertheless, thers seemed to be 
much logic to the statement made in 1980 by Stied] of Trudeau when 
he said: “Tuberculosis might be called an industrial hazard for the 
medical profession, It is the most important chronic disabling dis- 
ease for the medical student, the young physician and the nurse.” 
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‘Tn 1980, 0 case-finding program at George Washington University 
School of Medicine was instituted. For many years prior to this, us 
T shall show presently, we had been making tuberculin surveys of all 
students, but « complete ease-finding program had not, prior to 1939, 
een in existence in our institution, It is greatly to the credit of my 
former colleague, Dr, John H. Hanks, now in the Philippines, and 
Dr. David James, then president of the junior class, that they fur- 
ished much of the initial enthusiasm needed to get the program 
under way. ‘The interest from the first of Dean Walter A. Bloedorn 
and the whole-hearted cooperation of the roentgenological and chest 
physician group insured the success of the project. We have already 
indicated in a dingram how tuberculosis case finding works. It 
remains merely to give some of the resiilts ‘and to make » fow 
observations. 

‘The percentage of tubereulin-positive reactors among 1M conseeu- 
tive classes totaling 1,007 students at George Washington ‘University: 
School of Medioine is shown in table 2, With so many: tuberculin. 
nogative students in school, t situation true in most other schools also, 
it was only natural to expect that many of them would become tuber- 
‘clin positive, A good many of these tuberculin-negative students 
{id become tuberculin positive but not nearly 4 many of them ay one 
might expect. Washington is in an area of high tubetculovis mortal- 
ity (1940 figures, entire U. 8. A., 45.9 per 100,000 populations Distelet 
‘of Columbin, 644; Maryland, 79.1; Virginia, 58.1), and our students 
certainly come into contact with tubercle bacilli, We were particu- 
Tarly dinpressed by tho Jarge number of those who wore originally: 
tuberculin negative and who remained negative through a complete 
amedical edacation in Washington, D.C, Data on this point are 
presented in table 3. 


‘Tame 2—Twberoulln teste on 14 conaccutive medical clases af the 
‘George Washington University 
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‘We were further impressed by the fact that.a considerable number of 
modical students who. gave weakly positive tuberculin tests later be- 
came negative, Students wore not followed prior to 1930 through all 
somesters; hence the figures on this point do not include all our ap- 
proximately, 1,000 students. Of those followed (606), however, 1H 
have reacted only to the strong dose of purified protein derivative, 
‘This represents a low grade of sensitivity due perhaps to an almost 
nogligiblo original sensitizing lesion or to w lesion almost completely 
storilized or possibly, in an occasional ease, to n nonspecific reaction. 
‘Nine classes are included in this nepect of the study, four of which are 
still in school, on whom obviously the data are not yet complete, Tn 
the five classes concerned that have gradunted 6 showed weally 
positive renctions as freshmen. Of these, 18 showed stronger rewc- 
tions as they progressed thronzh school, indicating some sort of sensi- 
tizing or immunizing process at work. Six became ontirely nogative 
and one became weaker in tuberculin resotivity, 22 remained the saméy 
und a few of the original freshinen did not graduate. Among the 666 
students of theve nine classes 319 were positive to some strength of 
tuberculin as freshmen (47.9 percent). Of these, 194 (42.0 percent) 
swore weal reactors. Among the 323 students of the last four classes 
there were 189 reacting to tuberculin’ (48:0 percent), of whom 78 were 
only weakly positive (60.1 percent). Among the 849 students in this, 
saties who have graduated there were 180 tuberculin reactors (S24 
percent), but of these only 56 were weak reactors (81.1 porcent), 

Soveral points may be made regarding these dats. An enviton- 
mont containing tubercle bacilli does not prevent a certain number 
‘of weakly positive tuberculin reactors from becoming nogative., ‘These 
individuals may be thought of ns resistant strains of the human race. 
Our nower students are showing not only n Jower total tubercularize- 
tion rate but also a ttibercularization of less intensity. Tuberole ba- 
cilli in the environment are doing less to medical students than 





EVIDEMIOLOGY OF TUBERCULOSIS—PARR 493, 


formerly. ‘This ix susceptible to three interpretations, ‘The tubercle 
bacilli ie the environment are becoming fewers they are losing in- 
yasiveness und virulence; or, thirdly, tle tesistance of the young white 
American to tuberculosis is increasing. ‘The first point is obvious 
‘put can hardly. be the whole explanation. 1 believe we mise the full 
Fiumnifcance of the data if we do not xlso allocate soins importance 
to each of the other two explanations. 

Weight ix udded to this suggestion when we consider that the total 
umber of tuberculin-negative students in the achool, all presumably 
‘susceptible to suoctssful invasion by the tubercle bucillus, is inereasiti, 
‘This number is the census made Up each semester after the tests are 
dona. In November 1941 there were 147 tuberculin-negative students 
in theschool. In June 1942 this number waa 157, In November 1943 
it was 168 among 913 students, or a student body only 46.9 percent 
tuberculin positive, There hes been x slight increase, in the total 
umber of students in the schoo!, but. this has been balanced off by the 
fact that our last two ¢lasses, though the initial tabsrculin-positive 
rate was low, had higher percettages than the average of the preceding 
four classes (488 as ogninst 41.8 percent). Furthermore, since this 
program was started in 1990, only nine students have been found with 
Minimal tuberculosis, although thrve others were detected shortly 
following graduation, At the present: time, with 312 students. in 
fautendance, not one hus minimal tuberculosis, 'Thia fine record sur 
Psst that revealed in almost; any mass survey of adults, Among 
$5,006 United Stites Government: employees: recently surveyed, 11 
parcent had recognizable tubereulosis (00.7 porvent minimal 35,3 
pareont moderately netvanced ; 4.0 percent far advanced). 

Te has boon our purpose in presenting these observations to emplit- 
ico that, although temarkiable progrese las beon made in combating 
toborculosis, that progress his not equjtod advance achieved in con 
trolling other well-known diseases, We must believe that tuberculosis 
in atill x siajor problem,  Tts eradication may be set buck by the wir 
but not irrevocably, ‘Tuberculosis morbidity and mortality ean be 
reduced to a sutiafactorily low level, but I do not expect to see in my 
Tifetime, the absolute elimination of the disease. Our evidence si- 
gests that the tuberculosis problem ia not at present unduly significant 
for medical students and that thore is some ground for considering 
cither that the young white nilult hs more resistance to:the tubercle 
Tcitius than his father possessed or that the Myeobacterium tuberow- 
Josie i losing, son of its virulence, Possibly a little of both is true. 
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